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now in its second decade... 


combating 
eye infections 
reducing economic loss 
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¢ Wide-range effectiveness—against common eye pathogens, both gram- 
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¢ Valuable for prophylaxis after eye injury. 
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SPECIFIC FOR PAINFUL MUSCLE SPASM 


PARAFLEX 


Chlorzoxazonet 


skeletal muscle relaxant 


HIGHLY EFFECTIVE WITH PRACTICAL DOSAGE 


in common traumatic, orthopedic, arthritic and 
rheumatic disorders, including: low back pain 
* sprains « strains + rheumatoid arthritis + osteoarthri- 
tis spondylitis myalgia fibrositis cervical root 
syndrome + wry neck + disc syndrome 


EFFECTIVELY RELIEVES SPASM AND PAIN—In a con- 
trolled, double-blind study, marked improvement 
was reported in all but one of 15 patients treated 
with PARAFLEX.’ Another investigator noted that 
symptoms were at least partially alleviated in all of 
the patients treated.’ 


PRODUCES LONG-LASTING BENEFITS— Significant 
blood levels following the administration of 
PARAFLEX are maintained for periods of 6 hours or 
more.* In most patients, the beneficial effects of 
PARAFLEX persisted for approximately six hours.‘ 


AVERAGE DOSE-SIX TABLETS DAILY—With 
PARAFLEX, just one or two tablets, three times daily 
is an average effective dose. In experimental studies, 
PARAFLEX was found to be from one and one-half 
to three times as potent as other commonly used 
muscle relaxants. 


IS WELL TOLERATED —Side effects are uncommon 
and seldom severe enough to require discontinua- 
tion of the drug.’ Other clinicians have encountered 
few side effects to date."***? 


SUPPLIED — Tablets, scored, orange, bottles of 50. 
Each tablet contains 250 mg. of PARAFLEX. 


REFERENCES — (1) Settel, E.: Personal communication. 
(2) Holley, H. L.: Personal communication. (3) Burns, J. J.; 
Trousof, N., and Brodie, B. B.: To be published. (4) Smith, 
R. T.: To be published. (5) Peak, W. P., and Smith, R. T.: 
To be published. (6) Wiesel, L. L.: Personal communication. 
(7) Passarelli, W. W.: Personal communication. 


acute low back pain, acute traumatic 
myofascitis, or osteoarthritis 
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wry neck, cervical spondylitis, 
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improvement, ranging from some 
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to profound reli 


Wieselé advanced osteoarthritis 


less muscle spasm and pain 


Passarelli? degenerative and 


rheumatoid arthritis 


improvement, with less stiffness 
and freer motion 


Passarelli7 varied arthritic rheumatic, 


and traumatic disorders 


less stiffness, less pain 
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an important problem 
in today’s living! 


The following articles from TODAY’S @EAL 
available in one pamphlet for 50 cent 


ALCOHOLICS ANONYMG W ritt the standpoint fF a member, the basic treat- 


ment procedures are degeribed and tne hdlogical problems@gnfronting the alcoholic 


discussed. 
ALCOHOL AND CIRRHO DF THE LIVER. Relationship shol, di nd 


cirrhosis. Increasing stress on nu differences. by Russell S. Bove 
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THE TREATME i COHOLISM, Tracing the steps from convig the alcoholic 
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16 pages, 20 cents 


HOW EXPERTS tial transchibe@M an actual court: 
room case. by H. A. Heise, 8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES. discussiogfof $hegdangers of mixing 
alcohol and barbiturates. by Donald A. Dukelow, 4 pages, 10 
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Management Conference 


Morning Session 
ANDREW FLETCHER, Chairman 


Afternoon Session 
GEORGE A. JACOBY, Chairman 


Principals gather before Management Confer- 
ence at 22d Annual Meeting of Industrial Hygiene 
Foundation. Left to right: Dr. W. A. Hamor, 
Senior Director of Research, Mellon Institute; 
Andrew Fletcher, President, St. Joseph Lead Com- 
pany, and Board Chairman of the Foundation; 
Dr. C. Richard Walmer, Managing Director, In- 
dustrial Hygiene Foundation; Dr. Paul J. Flory, 
Executive Director of Research, Mellon Institute ; 
W. H. Burhop, President, Employers Mutuals of 
Wausau. 


Management Conference speakers. Left to 
right: Dr. C. G. King, Executive Director, The 
Nutrition Foundation, Inc.; W. H. Burhop, Presi- 
dent, Employers Mutuals of Wausau. 


Management Conference speakers. Left to right : 
Dr. E. A. Metcalf, Chief, Industrial Liaison Pro- 
gram, U. S. Army Chemical Warfare Labora- 
tories; William Barton, Manager, Labor Relations 
—Legal Department, Chamber of Commerce of 
the United States; George A. Jacoby, Director 
of Personnel Relations, General Motors Corpora- 
tion. 


Management Conference speakers. Left to right: 
Col. George M. Knauf, (MC), U. S. A. F., Com- 
mander, Griffiss Air Force Base Hospital; Dr. 
John V. Grimaldi, Consultant, Safety and Plant 
Protection, General Electric Company; Dr. Wil- 
liam H. Schechter, Vice-President—Operations, 


Callery Chemical Company 
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Welcome 


PAUL J. FLORY, Ph.D., Pittsburgh 


It is a privilege to welcome all of you 
to Mellon Institute for the 22d Annual 
Meeting of Industrial Hygiene Foundation. 
General Ridgway unfortunately cannot be 
here for this meeting, but he has asked me 
to extend his hearty welcome to you also. 

This meeting—attended by a distinguished 
gathering of industrial and professional lead- 
ers—affords a striking example of the type 
of collaboration between various industries, 
technology, and science essential for the 
solution of common problems—these being 
in this instance concerned with the health 
and well-being of industrial workers and 
consumers at large. 

You have come from many diversified 
industries throughout the country to hear 
discussions by authorities on the various 
aspects of industrial health. You in turn are 
contributing valuably to these conferences 
by expressing your ideas to one another. 
Out of such exchange of information will 
come new progress and constantly higher 
levels of health both in industry and the 
nation as a whole. 

Through scientific research we acquire 
knowledge which leads to technological de- 
velopments. Major technological advances 


almost invariably raise new problems of 
health and health hazards. Your program 
today includes two papers on toxicological 
and health problems associated with recent 
or current technical developments. The rise 
of atomic energy has presented innumerable 
problems of human health and safety which 
can only be solved by courageous ingenuity 
and determined effort. 

The fact that you are assembled here is 
evidence of your mutual concern that tech- 
nological progress shall not be blighted by 
sacrifices in human well-being, but rather 
that standards of health and welfare of con- 
sumers and workers can be raised through 
science, technology, and wise industrial ad- 
ministration. I know that many of the dra- 
matic achievements in industrial health to 
date have come from the brilliant leadership 
of this group, and we are confident that 
progress will continue in the future. We at 
Mellon Institute are proud to have included 
among our various activities those of the 
Industrial Hygiene Foundation and its scien- 
tific staff devoted to the solution of health 
problems in industry. 


Mellon Institute (13). 


Foundation Facts 


C. RICHARD WALMER, M.D., Pittsburgh 


It is indeed a pleasure to welcome all of 
you to this 22d Annual Meeting of In- 
dustrial Hygiene Foundation, not only be- 
cause | am always happy to see so many 
members of the Foundation here, but be- 
cause I believe this audience represents 
the formula for hurdling obstacles that 
present themselves in just about every 
major human endeavor. And that formula 
is communication—not just communication 
within the boundaries of our own special- 
ties, but communication across lines, across 
barriers of misunderstanding that lack of 
information and insight can create. 

We hope that the program which has been 
arranged for you will help to bring about a 
clearer understanding of the interrelation- 
ship of management, technical, and medical 
aspects of health maintenance. 

We want at this time to welcome 11 new 
members to this year’s meeting. They are 
the following : 

The American Metal Co., Ltd. 


The Atchison, Topeka and Santa Fe Railway 
System 


Brazilian National Steel Company 
Dick Corporation 
General Foods Corporation 


Ingersoll-Humphryes Division of Borg-Warner 
Corporation 


Laclede Steel Company 

Minnesota Mining & Manufacturing Co. 

Reaction Motors, Inc. 

Research-Cottrell, Inc. 

Sheffield Steel 

Corporation 

We hope that you will consider the Foun- 
dation as part of your own technical staff, 
and we look forward to being of assistance 
to you, 


Division of Armco Steel 


During the past year the Foundation’s 
staff completed a number of important field 


and research projects. Environmental sur- 
veys were made for member companies to 
evaluate the degree of hazardous exposures 
to dust, fumes, and other atmospheric con- 
taminants. Control measures were based 
upon this evaluation of the working en- 
vironment. Investigations were also made 
of community air pollution, and stack dis- 
charges at industrial plants were measured 
to determine whether these were a contribut- 
ing factor. 

Two major epidemiological studies were 
carried on during the year, one to determine 
the health status of workers in a specific 
industry and whether there is a relationship 
between environmental exposures and cer- 
tain biologic effects, and the other to in- 
vestigate the biologic effects of certain 
chemical compounds. 

Another major medical study was the 
survey of the medical program of one mem- 
ber company, a redesigning of it, and the 
preparation of a manual of procedures. 

A number of research investigations in 
the Foundation’s toxicological laboratory 
were concerned with the development of 
fundamental information appraising and 
controlling occupational disease hazards. 
Among long-range projects of this type is 
one being conducted for an association of 
industries to study biological factors in air 
pollution. Another is a research project to 
study potential hazards of a new product, 
and includes pulmonary, gastrointestinal, and 
eye-irritation studies. Findings serve as a 
basis for evolving proper control measures 
to protect the health of workers and con- 
sumers. 

These are just the highlights of the work 
carried on this year. There were many other 
projects of a lesser magnitude but equally 
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important to the advancement of industrial 
health in specific companies. 

For those of you who have not had to 
call upon the Foundation for specific serv- 
ices, we trust that the /ndustrial Hygiene 
Digest and the other technical information 
available from the Foundation has aided 
you in the promotion of industrial health 
in your plants. 

The Foundation is fortunate in having on 
its Board of Trustees outstanding men from 
many different industries to assist in the 
direction of the Foundation’s activities. The 
members of the technical committees have 
likewise contributed valuably of their time 
and talent in the interest of the Foundation’s 
- work and of this meeting. Our sincere 


thanks go to all of these men for their 
interest and assistance. 


Elected to the Board of Trustees since 
our last annual meeting were Mr. Stanley 
Hope, President of Esso Standard Oil Com- 
pany; Mr. George A. Jacoby, Director of 
Personnel Relations, General Motors Cor- 
portation; General Clinton F. Robinson, 


President of the Carborundum Company; 
and Mr. Robert A. Parker, Assistant to the 
President, American Brake Shoe Company. 


In addition, we are indebted to the Execu- 
tive Staff of Mellon Institute, and particu- 
larly to Dr. William A. Hamor, Adviser 
to the Foundation, for their interest and 
support. 


A New Era in Industrial Health 


ANDREW FLETCHER, New York 


As a participant in this 22d Annual 
Meeting of the Industrial Hygiene Founda- 
tion, you must be aware by now of a pro- 
found change that has taken place in the 
nature of the industrial safety problems with 
which we are concerned. Today we still 
have all the old risks of falling objects, 
dusty atmospheres, and unsafe machinery to 
guard against, but in addition we are grad- 
ually finding ourselves required to protect 
our employees against such complex changes 
as gamma rays, radioactive fall-out, and the 
unknown hazards of new products. 

Actually, there is some possibility that 
the whole problem of industrial health may 
widen faster than our means of coping 
with it. There are two reasons for this: 
the first is the rapid growth of the new 
and complex hazards, and the second is the 
problem of impending shortage of man- 
power for industry generally. As I will in- 
dicate later, the need for manpower in 
industry is likely to grow faster than the 
supply, and in order to keep enough men 
available, management will find itself having 
to assume responsibility for protecting 
workers to a degree never before considered 
necessary. 


The Economics of Industrial Health 


I am confident that the problem will be 
solved. The basis for my belief is the grow- 
ing realization throughout industry that there 
is vastly more than a simple humanitarian 
reason for safeguarding the health and safety 
of employees. As I have said in the past, 
I prefer to consider the question of in- 
dustrial hygiene from the point of view of 
dollars-and-cents and lost production, rather 
than from an altruistic or paternalistic view- 
point, simply because I can be more effective 
that way. If a company’s management sin- 


cerely accepts the idea that improved safety 
and industrial hygiene can substantially in- 
crease the company’s income, they will have 
grasped the problem in terms that they and 
their employees understand and can act upon. 
There is no cynicism involved. It is simply 
common sense, and it will apply with equal 
force to the problems of the future as it has 
to those of the past. Since industry foots 
the bill in one way or another for work- 
men’s compensation and for sickness ab- 
senteeism, it is obviously economical to 
promote the health of workers. Mr. Burhop 
will discuss this morning the problem of the 
cost of industrial health. We all know from 
experience that the cost comes high, but we 
also know well enough that we can’t get 
something valuable for nothing. 

Although the science fiction aspect of 
some elements of modern industry may seem 
somewhat frightening, there should be no 
cause for alarm. At yesterday’s technical 
conferences, there was a broad discussion 
of proper precautions and control methods 
in the field of industrial use of atomic 
energy. At today’s management conference, 
Colonel Knauf will discuss some of the med- 
ical problems in the field of electronics. 

We must also consider the toxicological 
problems that are arising in conjunction 
with the development of certain new prod- 
ucts, such as high-energy fuels coming into 
use with jet aircraft and rockets. Your 
program committee has not overlooked these 
important topics, and a little later today 
Dr. Schechter and Dr. Metcalf will discuss 
problems in these areas. 


Preservation of Manpower 


The impending shortage of manpower was 
pointed out recently by Mr. James P. Mit- 
chell, Secretary of Labor, who said that 
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10,000,000 more workers will be needed in 
American industry in 1965 than were needed 
in 1955. The United States Bureau of the 
Census estimates that by 1975, the popula- 
tion of the United States will have grown 
by about 70,000,000, but this growth will be 
most rapid in the age groups that are 
primarily most dependent upon others, that 
is over 65 and under 15. Accurate predic- 
tions are impossible to make, but it is cer- 
tain that the number of available employees 
by 1975 will be only barely enough to supply 
the rapidly growing demands not only of the 
United States, but of the rest of the world, 
as industrialization and the standard of liv- 
ing increases. The preservation of man- 
power, then, is an excellent reason why 
industry must strive for ever more success- 
ful ways of preserving employees’ health. 
It makes little difference in the company’s 
production whether a key man is absent 
from his job because of accident or because 
he developed pneumonia as a result of a bad 
cold. Sickness of the latter kind is quite 
as damaging to productive efficiency as ac- 
cidents on the job, yet the general feeling 
among management seems to be that sickness 
must be accepted. 

It is my feeling that by improved in- 
dustrial health, absenteeism through sick- 
ness can be lessened, if not eliminated. In 
the Lead Belt operations of the St. Joseph 
Lead Company, the absenteeism record for 
1956 was 2.58%, of which sickness caused 
about half and industrial injury caused ap- 
proximately one-sixth. Having done all we 
can to reduce the smaller item of industrial 
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injury, are we not obligated to devote our 
best efforts to reducing the larger item of 
sickness? I estimate that the direct and 
indirect loss of the 1956 absenteeism through 
sickness amounted to about $160,000, an 


amount that is well worth an attempt to 
reduce. 


Total Well-Being of Employee and 
Family Aided 

It seems to me that by still greater em- 
phasis on industrial health, through improv- 
ing such elements of our employees’ lives 
as leisure-time activities, diet, mental atti- 
tudes towards the job, and personal prob- 
lems, we can further this aim. There is no 
set formula for combining men and ma- 
chines and arriving at safe and efficient pro- 
duction, but our Company believes that 
improved working and living conditions will 
benefit not only our employees but our Com- 
pany’s economic position. We act on this 
belief. The total well-being of the em- 
ployee and his family is aided by health and 
welfare programs which provide prepaid 
hospital and medical care for nonoccupa- 
tional disability. Such programs are well 
worth study by all of us and, if well handled, 
are important to the achievement of in- 
dustrial harmony. When we obtain industrial 
harmony, then we can enjoy an even higher 
standard of living in the United States, 
because we will achieve greater production 
at a lower cost, both in dollars and in hu- 
man effort. 


250 Park Ave. (17). 


Occupational Health: Our Mutual Problem 


W. H. BURHOP, Wausau, Wis. 


The strength of any nation depends to a 
large degree upon the health of its citizens. 
No one today can seriously challenge the 
contribution and importance of preventive 
medical services in the maintenance of the 
health of the American people. Nowhere 
is this realization stronger nor does it re- 
ceive more positive support than in the 
industrial medical programs of our larger 
industries. The emphasis in occupational 
medicine is based on health maintenance 
through preventive, constructive and health 
education services. As seen from the point 
of view of management and the industrial 
physician, the occupational medical program 
should strive to maintain, conserve, and im- 
prove employee health. To make the work 
place a healthy and safe place is funda- 
mental, but only the first step in a program 
which brings the guiding principles of pre- 
ventive medicine to bear on the work force 
as a whole to conserve and improve in- 
dividual employee health to the end that 
productivity, self-respect, and happiness may 
be prolonged for the longest possible period 
of time. 

The problem of the health of our people 
is divided into two broad classifications, 
curative and preventive. Great progress has 
been made in meeting the costs of curative 
medicine through medical and hospital in- 
surance programs. The Health Insurance 
Council in its 11th annual survey reports on 
the number of persons covered on Dec. 31, 
1956, under various insurance plans. Hos- 
pital insurance was provided for 115,940,- 
000 people; 101,325,000 had insurance for 
surgical expense, and 64,891,000 had insur- 
ance covering medical expense. Duplica- 
tions of insurance in more than one plan 
are eliminated. The number covered by 
hospital insurance increased by 7.7% over 


the previous year; surgical protection in- 
creased by 10.2%, and medical expense 
insurance by 16.9%. A total of $3,600,- 
000,000 was paid to, or on behalf of, health 
insurance beneficiaries in 1956, which was 
16% more than the year before. Payments 
in 1956 amounted to $10,000,000 per day. 
More than 50% of those insured are de- 
pendents of workers covered by primary 
contracts. 

Even though the benefits paid constitute 
these large sums, coverage was not complete. 
The total of additional costs paid by the 
individuals is not available. It should be 
noted, however, that not only is the number 
of persons insured increasing rapidly, but 
the amount of protection is also increasing 
by the liberalization of existing group 
plans. 

The premium payment for the insured 
group plans is usually divided in some way 
between the employer and the employees, 
but there is no uniform procedure for it. 
It is a matter for negotiation between the 
interested parties. 


This brief summary of existing medical 
insurance plans is presented as evidence 
that in the matter of costs of curative medi- 
cine much has been accomplished and 
progress continues in increasing both the 
number of participants and the benefits. But 
curative medicine is only a part of our 
problem. Of greater importance is the pro- 
tection of the health of our people—pre- 
ventive medicine. That preventive medicine 
pays is a certainty. Can the American public 
afford all the costs modern medicine and 
illness now demand without any attempt to 
prevent sickness and disability? Health 
maintenance is primarily the responsibility 
of the individual, yet management recognizes 
an obligation to promote better employee 
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health. Circumstances may affect the extent 
of such services, but experience indicates 
that a successful occupational health pro- 
gram requires cooperation of the medical 
profession and allied health personnel, pri- 
vate and official community agencies, as well 
as management, the insurance carriers, or- 
ganized labor, and the individual employee. 


Preventive Approach Pays Dividends 


In discussing disease and prevention of 
sickness we may well review what has hap- 
pened in connection with industrial injuries. 
Workmen’s compensation laws placed upon 
the employers the responsibility of paying 
a certain part of the wage loss to their em- 
ployees disabled by accident or sickness 
arising in the course of their employment. 
The cost of compensation is treated as a part 
of the cost of production or other business 
operations. While the cost seemed high, 
there was something the employers could do 
about it. They could reduce the number of 
accidents in their places of work by an 
effective safety program. They could im- 
prove or eliminate conditions dangerous to 
the health of their employees. And this is 
exactly what they have done. Often the 
changes necessary to eliminate hazardous 
conditions were expensive, but, even with- 
out considering the moral obligation of an 
employer to provide a safe place to work, 
they paid dividends in the end. It is 
cheaper to prevent an accident than to pay 
compensation, medical cost, and the inherent 
disruption of work. Preventive medicine, 
like accident prevention, costs money; but 
again, like accident prevention, it may well 
also pay big dividends. 

Preventive medicine is a mutual problem. 
It is a problem for industry, both large and 
small; for the medical profession, both the 
specialist and the general practitioner; for 
the labor leaders, and for the insurance in- 
dustry. This mutual problem is a problem 
facing our American competitive, free en- 
terprise system. Some reasonably satisfac- 
tory solution of meeting the cost of medical 
care must be found within our system if 
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we are to avoid governmental interference 
or control. 


Nonoccupational Illness and Injury 
Costly 


Most companies recognize that their 
greatest asset is their employees. A direct 
relationship exists between employee eff- 
ciency and health, which includes the health 
of the worker himself and that of the people 
in his home and in his community. From 
an over-all viewpoint occupational disease 
is far less important than is nonoccupational 
sickness. Industrial management is aware 
of the costs of nonoccupational sickness, 
absenteeism, short-term absences, and of 
the employee who does not measure up to 
job requirements where health matters may 
be a factor. 

Report No. 15 of the Federal Security 
Agency states that 87.5% of the working 
days lost per year were due to nonoccupa- 
tional injury and illness and only 12.5% 
were due to occupational disease or occupa- 
tional accidents. And of this 12.5% of 
days lost, 97% were due to industrial ac- 
cidents and only 3% were due to occupa- 
tional diseases. The United States Bureau 
of Labor Statistics reports that in the period 
from 1945 to 1950 time loss from occupa- 
tional accidents ranged from 39,000,000 to 
45,600,000 man days, with an additional 2% 
due to occupational disease. During the same 
period the work time lost through nonoccu- 
pational disability is estimated at 400,000,- 
000 to 500,000,000 days. 

A report by the Research Council for 
Economic Security entitled “Prolonged IIl- 
ness Absenteeism Due to Nonoccupational 
Disabilities among Employed Persons in 
Private Nonagricultural Industries in the 
United States 1953-1956” also contains in- 
teresting information on this subject. Forty 
per cent of all time lost due to illness 
involved absenteeism of less than one week’s 
duration, and 60% of the time loss came 
from cases of more than one week. Illness 
lasting four weeks or more was found to 
occur in 4% of the working population. 
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The average time lost in these cases of 
prolonged illness was 10.8 weeks. The wage 
loss, based on an annual wage of $3900 
was $1,777,000,000, and the medical care 
cost was estimated at $700,000,000, of which 
about 50% went for hospital charges. 


Industry Benefits from Effective Health 
Program 


An effective program of preventive medi- 
cine must have the support of industry, but 
certainly there are many direct financial 
returns to be credited against its cost. A 
healthy, steady worker is one of the divi- 
dends. Industry supports present accident 
and health programs at a considerable cost. 
If preventive medicine is effective, the cost 
of these plans will be reduced. We may 
well ask how far does management’s respon- 
sibility go in filling gaps in preventive 
medicine, early diagnosis, and, finally, cura- 
tive medicine? 

It is recognized that industry is not or- 
ganized as a charitable institution, nor is it 
a philanthropic health undertaking. How- 
ever, occupational medicine has made many 
noteworthy contributions in the elimination, 
control, and detection of health hazards 
from dusts, vapors, gases, fumes, and ex- 
tremes of atmospheric conditions, has met 
the new challenge of new materials and 
processes, and is facing the technology of 
the age of atomic power. 

Going beyond the field of occupational 
medicine, the National Association of Manu- 
facturers supports the view that a medical 
program is justified on a dollar expenditure 
basis through the reduction of the accident 
frequency, labor turnover, absenteeism, oc- 
cupational disease and compensation costs, 
with a saving of from 30% to 60%. 

Admiral Ben Moreell has said of the 
medical program at Jones & Laughlin Steel 
Corporation, “We do not attempt to justify 
our medical program by pointing to the 
dollar-and-cents gain—we justify it as a 
moral obligation to our neighbors.” 
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Relationships with Community Health 
Services 


There is a very close and complementary 
relationship between the in-plant medical 
program and the community health serv- 
ices—the physicians, the voluntary health 
organization, the insurance carriers, and the 
official and nonofficial public health agencies. 
Each has a share in the total health and 
medical program of the American people, 
and no one unit stands to gain more from 
meeting this challenge squarely in the spirit 
of the free American enterprise system than 
do private industry, the insurance carriers, 
and the American public. In the words of 
Dr. Dwight H. Murray, immediate past- 
president of the American Medical Asso- 
ciation, “The rise of industrial medicine 
has given the local private practitioner a 
new role in medicine. Today almost every 
physician, with the possible exception of a 
few specialists, is directly or indirectly con- 
cerned with industrial health. Already there 
are 25,000 doctors who have some official 
medical tie-in with industry, full-time, part- 
time, or on call. Needed particularly for the 
smaller plant are part-time physicians, who, 
while not specializing in, are interested 
in industrial medicine—its reparative, pre- 
ventive and constructive phases. Needed are 
physicians who can and will provide medical 
guidance for both management and labor, 
who can represent both fairly and impar- 
tially, and who can grow with industry in 
the present age of medical, sociological and 
technological change.” 


Health Programs for Small Plants 


Within recent years many of our larger 
companies have accepted the new philosophy 
and the challenge inherent in the occupa- 
tional health program. The medical depart- 
ment, which had been limited to the care 
of traumatic and acute illness, has been 
broadened to encompass and carry out the 
concepts of preventive health. The need for 
extended services is greatest in our smaller 
plants. Seventy-five per cent of the in- 
dustrially employed workers in America are 
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in plants with less than 500 persons, and 
in such sized groups the spread of pre- 
ventive health programs or health programs 
of any sort has been slow, for a variety 
of reasons. As Mr. Henry H. Doyle of 
the United States Public Health Service has 
pointed out, “How economically and ef- 
fectively to provide industrial health services 
for workers in small establishments repre- 
sents one of the greatest challenges at pres- 
ent in the industrial health field.” This need 
to extend in-plant medical serivces, includ- 
ing a preventive health program, to this 
very large proportion of the working popu- 
lation is a matter of concern to all industry, 
no matter what its size. If these needs can- 
not be reasonably met, pressures will 
increase for stronger federal and state con- 
trols in place of local community and co- 
operative plans. Progress has been made in 
some areas where several independent in- 
dustries have jointly engaged one or more 
health personnel to provide regular services 
to employees at each of the various places 
of work. Also, physicians have organized 
to provide central industrial clinics as well 
as in-plant medical services on a part-time, 
on call, or full-time basis. 


The Role of the Insurance Carrier 


The insurance industry has played an im- 
portant part in providing leadership in 
health maintenance and preventive medicine 
in both occupational and nonoccupational 
accidents and illnesses. Starting initially 
with accident prevention and safety guid- 
ance, the insurance carrier is generally well 
acquainted with the physical environment 
factors, work requirements, and other occu- 
pational conditions. Also, the insurance car- 
riers work closely with the local medical 
profession in such matters as claims, dis- 
ability, and medical costs. They are there- 
fore in an ideal position to help in 
developing a program of mutual advantage to 
both industry and the medical profession 
toward better health maintenance in occu- 
pations as well as in the community at large. 
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The development of medical services in 
industry, both large and small, should not be 
treated as a substitute for existing private 
facilities, nor should in-plant serivces be 
expected to be less expensive than the use 
of private facilities. As Dr. Leo Wade has 
emphasized, the physician in industry should 
not attempt to supplant the private family 
physician, but to carry out such health pro- 
grams and preventive measures as can best 
be performed in the plant, to the end that 
better utilization of community health serv- 
ices is enjoyed by the employees. 

The insurance industry is an important 
factor, not only in helpiag in the develop- 
ment of occupational health programs and 
preventive medicine, but also in other related 
fields. Insurance companies have pioneered 
in the field of accident and disease preven- 
tion, and have a-record of which they may 
be proud. Medical departments of the in- 
surance industry have also pioneered in 
encouraging medical examinations of em- 
ployees designed to evaluate physical abili- 
ties and to match the worker to specific 
job requirements. This is one of the key- 
stones of the in-plant medical program. 
Insurance companies have cooperated in the 
national effort to give employment to the 
physically handicapped, to return such per- 
sons to a productive life on a job which 
they can perform. Larger compensation car- 
riers have also long recognized the need of 
rehabilitation of the injured. The aim is to 
reduce the period of disability as well as to 
train the injured for a different occupation 
if his disability prevents the return to the 
previous work. In our own company a re- 
habilitation center was started nearly 30 
years ago when local or regional facilities 
for this type of service were inaccessible 
or nonexistent. The medical profession and 
educational centers during recent years have 
vastly expanded the techniques, knowledge, 
and services in this field, so that community 
centers are rapidly increasing in numbers 
and availability, and are doing an excellent 
job. 
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Also, about 30 years ago, our company 
started an industrial nursing division, not 
for the treatment of the injured, but to help 
our policyholders in providing a healthful 
environment in their places of work and aid- 
ing in the development of the preventive 
aspect of in-plant occupational medicine. 

Technicians of insurance carriers are giv- 
ing much time to the study and remedy of 
many other conditions in industry that may 
be hazardous to the physical well-being of 
the employees. Among them are the elim- 
ination, or safe disposal by adequate ven- 
tilation, of dangerous dusts and fumes. 
Silicosis, not many years ago a feared enemy 
in certain dusty employments, is at present 
considered under reasonable control. Im- 
pairment of hearing due to noise in places 
of work is now the subject of much study 
by the carriers and scientific organizations 
supported by them. Today, with industry 
rapidly engaging in the new fields of radia- 
tion and isotopes, another phase of service 
to industry is presented to insurance com- 
panies. The large possible loss to property 
and injury to persons makes it imperative 
to find and adhere to rigid standards of safe 
practices. 


What is Industry’s Share of This Mutual 
Problem? 

In dealing with the entire problem of 
occupational health and preventive medicine, 
we must conclude that it is a mutual problem 
requiring the earnest cooperation of in- 
dustry, large and small, the medical pro- 
fession, labor, and the insurance companies. 

How much would a comprehensive pre- 
ventive health program cost, and who should 
pay for it? These are questions which 
cannot be answered now. The cost of a pre- 
ventive program must be considered in con- 
nection with the cost of the present curative 
plans. Great sums are spent for medical 
and hospital care under our group plans. 
We may well ask how much could these 
costs be reduced if illness were reduced by 
effective prevention programs? We know 
that the large sums spent in the field of ac- 
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cident prevention have substantially reduced 
compensation indemnity and medical care for 
the injured. We know that absenteeism due 
to nonoccupational illness is a great financial 
burden to industry. Certainly industry as 
well as all segments of our society would 
profit not only by better health of the 
employees, but also by better health of their 
families and the community. 

Industry today bears a large part of the 
cost of medical care beyond the direct cost 
of industrial accidents and occupational sick- 
ness. Many, if not most, group plans 
include dependents of employees. While em- 
ployees usually contribute to the cost of this 
protection, still management pays a part of 
the extra cost. Industry also contributes to 
hospitals, medical education, research pro- 
jects, such as cancer, heart disease, and 
poliomyelitis, and many other functions in 
the interest of public health. There is plenty 
of room for discussion as to how far man- 
agement should be expected to go in provid- 
ing health and medical services in our free 
enterprise economy. We cannot expect one 
segment of our economy to pay the entire 
cost of a program that benefits all of our 
citizens. We must again say that this prob- 
lem cannot be solved to the best interest of 
the individual employees, to the practicing 
physician, to the industrial employer, or to 
any other group without the sincere effort 
of the leaders in each organization. The 
insurance industry, within its traditional 
service framework, can be counted upon for 
its full cooperation. 

On a wall of the industrial medical cen- 
ter of one of our great chemical industries 
hangs a plaque which carries the following 
dedication: “The professional staff and 
facilities of this medical center are pledged 
to the task of achieving a healthier and 
happier life span for our workers through 
sound medical practices in order that by 
useful and gainful activity in their work, 
homes, and communities they may become 
even better examples and stronger defenders 
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of the principles and way of life which 
make us a nation of free people.” 


Employers Mutuals of Wausau. 
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When my topic for today’s discussion was 
selected, “Foods and Health Are Close to 
Your Heart,” I thought there might be room 
to recognize that there is a place for imag- 
ination and poetry in nutrition, along with 
discussions of public health. By implication, 
at least, there is agreement with the idea 
normal people really enjoy good food and 
vigorous health. 

In practice, however, about one-half of 
the world’s population still finds it physically 
impossible to have either adequate food or 
reasonable health. The other half, including 
ourselves, has an abundance of good food 
available and a great advantage in progress 
toward good health. However, we are slow 
to take advantage of our resources. Our 
eating practices are in many respects like the 
performance of drivers on a through way— 
everyone believes in safe driving, and some 
folks illustrate their belief by the way they 
drive, but unless a police car or an ambu- 
lance is in sight, many individual perform- 
ances leave something to be desired. 

Both the underprivileged and the most 
fortunate populations of the world are now 
in the midst of a revolution in the health 
sciences. The countries retarded most in 
technical progress are adopting modern 
medicines and sanitation practices fairly 
rapidly, but they are still struggling with 
the age-long problem of getting enough 
food of good quality. The heart of the 
food problem generally centers on getting 
enough good quality protein foods such as 
meat, milk, and fish to permit normal 
growth and health in small children. In 
our own situation, the food supply is re- 
markably attractive, convenient, sanitary, 
capable of developing any desired flavor, 
varied in origin to meet year-round de- 
mands, and carries enough of all the known 
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nutrients to meet our needs generously. But 
what is wrong? 


The most serious faults are concerned 
with poor selections by individuals and by 
organized groups. This misdirected action 
in the midst of a bountiful food supply leads 
to imbalances, deficiencies, excesses, and ir- 
regularities that impair health and efficiency 
very seriously. Nevertheless, for the first 
time in our history, we have escaped almost 
entirely from the classical, severe types of 
malnutrition represented by such diseases 
as rickets, pellagra, scurvy, sprue, and severe 
endemic goiter. These diseases were all 
very common less than three decades ago. 
Now their occurrence is rare and follows 
chiefly from gross neglect or stark ignorance 
on the part of an individual. 

We are making progress, but not rapidly 
enough, in prevention of the less severe 
types of deficiencies that lead to tooth decay, 
nutritional anemias, periods of low vitality, 
and retarded growth. Continued efforts in 
research and education can solve problems 
of this nature, except insofar as they result 
from accident or individual neglect. 

The remarkable gains in health from re- 
search and improved food practices in re- 
cent years can be documented by a share in 
our steadily lengthening life span, improve- 
ments in maternal and child health, greater 
resistance to such diseases as tuberculosis, 
and the obvious gains in physical stature 


among the younger elements in our popula- 
tion. 


Overweight a Form of Malnutrition 


However, new problems arise. The worst 
one, of course, is overeating. The tempta- 
tion isn’t new, but the economic advantages 
and the results are new. There is too much 
stuffing of calories in proportion to work 
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output. Overweight is not overnutrition— 
it is our worst form of malnutrition. The 
human appetite needs an attachment to the 
brain. One is reminded of the man who 
appealed to the judge when seeking a di- 
vorce. “Judge, I can’t stand it—she jest 
talks and talks and talks!’ “What does she 
talk about?” inquired the sympathetic judge. 
“Well, she don’t say!” replied the desperate 
husband. 


Rate of Biologic Inheritance Recognized 


Another new trend in practical nutrition 
has resulted from advances in genetics, bio- 
chemistry, and diagnostic techniques. There 
is much greater recognition of the role of 
biologic inheritance as a factor in limiting 
the level of health that an individual tends 
to achieve. In this area there is a sharply 
increased appreciation of the time factor 
in protecting the individual while very 
young. By means of an early correct diag- 
nosis, specific dietary provision for these 
handicapped persons can shield them from 
penalties and tragedies. Examples of this 
nature are evident in dealing with diabetes, 
cystic fibrosis, Rh factor, celiac disease, 
muscular dystrophy, high-blood pressure, 
heart disease, atherosclerosis, obesity, gal- 
actosemia, phenylketonuria, cystinuria, and 
mental instability. 

To illustrate briefly from the above exam- 
ples: 1. Galactosemia results from an in- 
herited poor capacity (a missing enzyme) 
to utilize milk sugar. The one-half (galac- 
tose) of the milk sugar which is not burned 
reaches high concentrations in the blood 
stream and gradually causes blindness and 
serious injury to the brain. An early trans- 
fer to a nonmilk diet, however, permits 
retention of essentially normal health. 2. 
Celiac disease, characterized by chronic 
diarrhea and a poor tolerance of common 
foods, was confused until very recently with 
other diseases. The key problem was finally 
identified as a failure to utilize normally 
certain proteins that occur in wheat and 
rye. For normal people these foods are 
completely wholesome even though they 
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have a peculiar content of two common 
amino acids (proline and glutamic acid). 
A good diet, but omitting wheat and rye, 
generally corrects the difficulty very quickly. 
3. In studies of persons subject to heart 
attacks in the age range of about 50 years, 
living near Boston, an outstanding feature 
of their background was a record of two 
or more deaths from heart attacks among 
close relatives. The incidence of new heart 
attacks was still higher among those with 
elevated blood cholesterol concentration and 
an elevated blood pressure. 


Research on Proteins and Amino Acids 
in Human Nutrition 

Fifteen years of intensive research on 
proteins and amino acids in human nutrition 
by academic groups, conducted in parallel 
with applied studies in industry, have 
enabled the technically more advanced coun- 
tries to achieve a good level of protein in- 
take. The per capita intake in the United 
States in 1956 was about 100 gm. per day, 
and more than one-half was from animal 
sources. That is a record to be proud of, 
and almost certainly it has been an im- 
portant factor in our record of vitality and 
lengthened life span. Growth rates in small 
children and resistance to infection are par- 
ticularly sensitive to the intake of good 
quality protein. We should not encourage 
practices that would jeopardize our progress 
in this respect by creating a fear of eating 
adequate quantities of meat, milk, eggs, 
and fish, 

Because diabetes is characterized by a 
high concentration of sugar in the blood 
stream, people were at one time afraid to 
eat sugar or sugar-yielding foods that con- 
tained starch. Research then demonstrated 
that the primary problem was a hormone 
deficiency, however, and that even the dam- 
age to body tissues was caused largely by 
a faulty metabolism of fats, 


Chronic and Metabolic Diseases Major 
Problem Today 


We are now in a _ period when fat 
metabolism is moving to the center of the 
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stage, both in relation to public health and 
as a conspicuous feature of the food in- 
dustry. Caution should be exercised in 
reaching conclusions. 

In 1900, the three leading causes of death 
in the United States were due to infections 
over which we had little control: pneumonias 
(and influenzas), tuberculosis, and diar- 
rheas. Today, at least two, and possibly 
three, of the highest causes of death ap- 
parently are not infections, but disturbances 
in metabolism that have not been well iden- 
tified: coronary heart disease, cancer, and 
cerebral hemorrhages. And, of the first 10 
causes of death in 1900, six resulted from 
infections, in contrast with only one caused 
by infections (combined pneumonias and 
influenzas) among the first 10 in 1955. 

Aside from the risk of radiation injury 
associated with atomic explosions (peaceful 
or otherwise), the major problems in public 
health are presently in this category of 
chronic and metabolic disease. These dis- 
eases are not new, as sometimes inferred, 
even though their relative importance has 
increased sharply during the past two dec- 
ades. 

For example, as just mentioned, the top 
three causes of death in 1900 are now 
largely under control—pneumonia, tuber- 
culosis, and diarrhea. But the next three in 
1900 have moved up to take their place. 
They were heart disease, senility, and cere- 
bral hemorrhages. Senility as a cause of 
death is too vague for present registry, but 
undoubtedly it was often associated with 
atherosclerosis. Despite the fact that the life 
expectancy then was only 47 years compared 
to our present 70, the death rate from cere- 
bral hemorrhages was almost exactly what 
it was in 1955, namely, 106.9 in 1900 and 
106.0 in 1955. Changes in food composition 
during the half-century apparently have had 
very little effect in this instance. 

Research to identify possible ways of 
preventing or deferring the onset of meta- 
bolic diseases has been a prominent feature 
of work supported by the Nutrition Foun- 
dation in recent years. 
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The Functions of Amino Acids in 
Protecting Health 


Measuring protein requirements and 
discovering the functions of amino acids in 
human nutrition have progressed rapidly. 
Knowledge of the amino acids that must 
be furnished to protect health in the adult 
population already guides the world in 
educational programs, Likewise, it guides 
the food industry in practical studies of raw 
materials, processing, and merchandising 
practices. Newer work under way is ex- 
tending the information rapidly to cover 
the requirements for growing children, in- 
fants, premature babies, and relatively old 
people. 

Discovery of the quantitative range of 
conversion of some of the amino acids to 
vitamins within the human body has been 
of notable significance in ridding the coun- 
try of pellagra and risks of deficiency in two 
of the vitamins, niacin and choline. 

In a similar manner, advances in detecting 
how sugars and starches function in the 
body have given them an assured place as a 
source of energy and in sparing require- 
ments for both proteins and fats. 


Research on the Nutritive Value of Fats 


Research on the nutritive value of fats 
has progressed at a surprising rate: 

Linoleic acid is now generally accepted as 
a fatty acid of unique significance. It comes 
nearest to providing a starting material for 
other fatty acids that may be required for 
adjustments in body composition. Practically 
speaking, all of the fatty acids in our com- 
monly used edible oils and fats can be 
digested and used efficiently as a source of 
energy, but to meet the body’s total require- 
ment, linoleic acid has a special position. 
Much more research will be needed, how- 
ever, before the optimum intake of linoleic 
acid can be established to cover the common 
variations in circumstances of living. The 
intake of other fatty acids, amino acids, 
vitamins, and minerals all appear to affect 
the utilization of linoleic acid. 
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Secondly, cholesterol is of increasing 
interest because of its characteristic varia- 
tions in concentration in the blood stream, 
and in the manner of its accumulation in 
diseased arteries. In both respects, choles- 
terol is regulated in part by the intake of 
linoleic acid. Exactly how or why, no one 
knows. 


Thirdly, the fat-soluble vitamin E was 
discovered this year to have a mysterious 
interplay with the element selenium. In rats, 
chickens, and turkeys at least, each of these 
nutrients can spare a large part, but not 
all of the requirement for the other. To 
prevent liver necrosis, for example, when 
animals are on specific rations, selenium is 
about 500 times more active than vitamin E. 
How or why this occurs, no one knows. 
Until this discovery selenium was studied 
biologically because it was known to produce 
chronic poisoning in animals in areas where 
the natural soil content is too high. Now, 
in reverse, as in the affairs of the State De- 
partment, there must be “an agonizing re- 
appraisal.” Apparently the element is an 
essential nutrient. 


Relationship of Cholesterol to Foods 
and Health 

In discussions of the role of cholesterol 
in relation to foods and health, the primary 
points of emphasis are: (1) to recognize 
its normal presence and functions in all 
animal and human cells; (2) to recognize its 
normal, continuous origin from small two- 
carbon fragments (acetate groups) that are 
constantly derived from all the major 
sources of calories, i.e., the fats, sugars, 
and proteins; (3) to recognize its normal 
channels of elimination, such as excretion 
of bile salts or conversion to a myriad num- 
ber of other products such as hormones. 

Moderate intakes of cholesterol in the 
human food supply are normal and harmless. 
In animals that are geared genetically to 
eating only plant foods after the weaning 
period (such as the guinea pig or rabbit), 
the tolerances may be more limited. Hence 
they are apt to give misleading indications. 
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Since three of the major causes of death 
—coronary heart disease, cerebral hemor- 
rhages, and diabetes—are often associated 
with abnormal deposits of cholesterol in the 
arteries, research in nutrition has been 
directed increasingly into this area. By good 
fortune, an early grant from the Nutrition 
Foundation supported the first clinching evi- 
dence by Block and Rittenberg on the origin 
of cholesterol. Another series of early grants 
permitted Lehninger and others to move 
ahead rapidly in identifying the steps by 
which fatty acids and the more complex fats 
are formed and disposed of in man and in 
animals. 

With reference to the role of fats and 
other nutrients in causing, preventing, or 
alleviating the breaks in health associated 
with atherosclerosis, nearly all of the leading 
research and medical scientists who are do- 
ing outstanding work in the field have 
clearly stated their views that not enough 
information is yet available to justify gener- 
al recommendations on changing dietary 
practices that are now accepted as good 
practice. Maintaining a well-balanced diet 
and avoidance of fads or extremes are too 
valuable to be sacrificed lightly. 


There is agreement that overweight is 
unfavorable, and that elevated blood choles- 
terol values should be given consideration 
by a competent physician in the care of a 
patient. Both of these items are regarded 
as more significant, however, as potential 
danger signals when there is an accompany- 
ing elevation in blood pressure, or when the 
family history indicates a possible genetic 
trend toward coronary heart disease, cere- 
bral “strokes,” or diabetes. 


Basis for Appraisal Still Inadequate 


There are many reasons for caution in 
regard to the dietary and public health 
aspects of the problem. For example, a very 
large fraction of the apparent rise in death 
rates from these diseases is not a true rise, 
but a result of changing practices in identi- 
fying and registering the causes of death, 
as pointed out very clearly in a recent paper 
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by Dr. E. A. Lew, of the Metropolitan 
Life Insurance Company. He also pointed 
out the apparent correlation with excessive 
cigarette smoking. Again, as pointed out 
by Dr. Herman Hilleboe, Dr. F. J. Stare, 
Dr. Paul White, Dr. Edward Ahrens and 
others in several recent reports from com- 
mittees and conferences sponsored by the 
American Heart Association, the National 
Heart Institute, the Council on Foods and 
Nutrition of the American Medical Asso- 
ciation, and the Nutrition Foundation, the 
evidence regarding the basic causes and 
management of these breaks in health has 
not advanced far enough to furnish an 
adequate basis for appraisal of the many 
leads that are developing. 

Specifically in the field of controlled 
animal experimentation, for example, 
changes resembling human atherosclerosis 


have been induced by chronic deficiencies 
in one of the amino acids (methionine), 
or either of two vitamins (choline and 
pyridoxine [vitamin Be]), or the mineral 
element, magnesium, independently of 
changes in the intake of fat or cholesterol. 


Summary 

In summary, the evidence is very clear 
that improvements in our food and nutrition 
practices have been a major factor in our 
lengthening life span and in the higher 
levels of infant and adult health, through the 
past several decades. 

Parallel advances in controlling infectious 
diseases have opened new opportunities and 
obligations to increase the age span of vig- 
orous health by research and improved use 
of our abundant food resources. 


99 Park Ave. (16). 
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Toxicity of High-Energy Fuels 


WILLIAM H. SCHECHTER, Ph.D., Pittsburgh 


The high-energy fuels program about 
which so much has been writen recently was 
developed to meet the military needs for 
higher performance aircraft. By increasing 
the energy per pound of fuel, an airplane 
of given size can travel farther on the same 
weight of fuel. Instead of increasing the 
range of a vehicle the increased energy can 
be used to improve other performance fac- 
tors, such as pay load, size, speed, or rate 
of climb. 

A review of the possible types of high- 
energy chemicals shows (Fig. 1) that hy- 
drogen, beryllium, lithium, and_ boron 
compounds are the only ones likely to pro- 
duce energies significantly superior to hy- 
drocarbon fuels. Molecular hydrogen could 
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readily be produced, but, sifice it is normally 
gaseous, very low temperatures would be 
required to store it as a liquid, and even 
then the density is too low to permit its use. 
Beryllium is a more likely prospect, but it 
is scarce, extremely and insidiously toxic, 
and should probably be conserved in the 
long run for atomic energy applications. 
Lithium is in a similar situation except for 
toxicity, though it may find use in rocketry, 
but its use in conventional aircraft seems 
both difficult and extravagant. 

Thus boron is the logical element on 
which to base fuels (Fig. 2). It is available 
in large concentrated deposits in the United 
States and has chemical properties which 
appear desirable from the chemical process- 
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Fig. 1—Atomic number vs. heat of combustion. 
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Fig. 2—Heat of combustion of boranes and JP-4. 


ing point of view. Fortunately, it forms 
more or less stable liquid compounds with 
hydrogen, the best chemical fuel. Modifica- 
tion of the boron-hydrogen molecules by the 
addition of hydrocarbon groupings gives 
fuels of the desired physical and chemical 
properties. As a supplementary benefit the 
boranes generally have wider ranges of 
flammability than hydrocarbons and conse- 
quently will allow operation of air-breath- 
ing engines at higher altitudes than would 
be possible with conventional fuels. 

The boron hydrides have only two ob- 
vious disadvantages for the applications in- 
tended—they are toxic and their combusion 
products are not ideal. This former aspect 
is the subject for consideration here. 

Callery Chemical Company’s history is 
important as a case study in the handling of 
these somewhat toxic and highly flammable 
materials. Callery has a record of which it 
may justly be proud since its safety record 
is comparable to industry as a whole. 


New Horizons in the Field of Chemistry 


Mine Safety Appliances became inter- 
ested in the possibilities of boron chemistry 
in 1946 and assigned a small group of its 
top scientists to investigate the chemistry of 
some of these compounds. From this re- 
search came indications of completely new 
horizons in the field of chemistry, and Cal- 
lery Chemical Company was formed as a 
subsidiary to continue this work. 

Callery’s first assignment was a Navy 
contract to make the first production quan- 
tities of diborane and pentaborane for use 
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as high-energy fuels. Several subsequent 
Navy contracts were awarded for research 
and development during the following three 
years, leading up to the major research and 
development program of May, 1952, known 
as “Project Zip,” which has been sponsored 
by the United States Navy. 

Charged with developing a high-energy 
fuel, Callery’s research and development 
staff inaugurated an extensive research pro- 
gram. Part of it involved subcontracts with 
23 universities and 13 private research or- 
ganizations. As a result of these combined 
efforts Callery was able to produce HiCal, 
its boron-based high-energy fuel, in_pilot- 
plant quantities within four years. Produc- 
tion of tonnage quantities is soon to become 
a reality with the completion of two new 
plants currently under construction—one a 
$38,000,000 plant for the Navy and the 
other a $4,000,000 Callery-owned plant. 

From these comments it is obvious that a 
very considerable number of people have 
worked with and around the boron com- 
pounds over a 10-year period. 


Studies of Acute Toxicity of Boron 
Compounds 


Difficulty is experienced in discussing the 
toxicity of boranes in humans because the 
incidence of acute toxicity have been so low 
that clinical observations are negligible. Ex- 
tensive studies of acute toxicity of boron 
compounds have been made on small ani- 


mals, however. The mechanism of their 
action in the body is not known, but, in 
view of their chemical activity, as indicated 
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TABLE 1.—Physical Properties of Boranes 
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Boiling Melting 


Point, Point, Density 

Degrees Degrees Gm./ 

Compound Normal State F F Ml. 
Diborane Colorless gas —134 — 264 0.43 
Pentaborane Colorless liquid = +137 —52 0.61 
Decaborane White solid +415 +211 0.94 

HiCal Com- 

ponent “A”’ Colorless liquid 500-550 —50 0.82 


by their physical properties (Table 1) and 
structure, it is easy to predict that they 
could interfere with biological processes. 

The have been 
made on diborane, which is gaseous at room 
temperatures. The main effect of breathing 
this gas seems to be damage to the lungs. 
Its toxicity has often been compared with 
that of phosgene. 


most extensive studies 


Experiments have demonstrated that pul- 
monary damage is noted if a test animal is 
exposed at a concentration of about 5 ppm 
for six hours a day, five days a week; when 
the test is run at 2 ppm similar damage 
is noted in a somewhat longer time. The 
American Conference of Governmental In- 
dustrial Hygienists has adopted a maximum 
allowable concentration for daily exposure 
of 0.1 ppm. This, however, is not a com- 
pletely realistic value, as no method has yet 
been developed which can reliably detect 
that concentration. Diborane can be detected 
by odor only to 3 to 4 ppm. 

Pentaborane, a volatile liquid, and deca- 
borane, a solid, differ from diborane, how- 
ever, in that they attack the central nervous 
system rather than the pulmonary system. 
Decaborane has also been found to cause 
damage to the liver and kidneys. Symp- 
toms of exposure to these higher boranes 
include loss of coordination, convulsions, 
weakness, tremors, and hyperexcitability. 

The suggestion has been made that the 
symptoms are of two types because of dif- 
ferences in chemical reactivity of the bo- 
ranes. Diborane is taken into the lungs, 
where it reacts rapidly with moisture and 
can cause immediate damage. Decaborane 
and pentaborane react with water much 
more slowly than does diborane, so they can 
concentrate in fats and lipids and have a 
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more pronounced effect on the central ner- 
vous system. 

Repeated five-hour daily exposures to 3.3 
ppm pentaborane causes death in test ani- 
mals, Pentaborane and decaborane are more 
toxic than diborane, so the MAC’s have 
been set at 0.01 and 0.05 ppm, respectively. 
Although pentaborane is toxic in lower con- 
centrations than decaborane, the rate of re- 
covery of rats from decaborane exposure is 
always slower. 

The median detectable concentration by 
odor for man is 2.5 ppm for pentaborane 
and 0.35 for decaborane. Pentaborane is 
said to smell like garlic or acetylene, and 
decaborane has an unpleasant or foul odor. 
Rapid olfactory fatigue adds to the hazard 
of using the sense of smell to detect these 
boranes. 

The little work that has been done on 
boron high-energy fuel components to the 
present demonstrates that they have an or- 
der of toxicity between that of pentaborane 
and of decaborane. HiCal Component A, 
which is a major component of HiCal and 
the one studied most thoroughly, attacks the 
pulmonary and central nervous systems 
similarly to decaborane and pentaborane. 

A convenient method for comparing the 
acute toxicity of compounds is the concen- 
tration necessary to kill 50% of the test ani- 
mals (LCs50). In Table 2 comparative 
values for boranes, military and commercial 
chemicals are given. A more realistic meas- 
ure of effective toxicity of such compounds 
is the Hazard Index, which is a function of 
both toxicity and vapor pressure. According 
to this index, decaborane and HiCal Com- 
ponent A are no more hazardous than many 
common chemicals such as carbon tetra- 


TABLE 2.—Relative Toxicities 


Median LCse Hazard 
Det. by (Rats— Index 
MAC Odor 4 Hr.) VP/ 
(Ppm) (Ppm) (Ppm) LC oo 
1. Diborane 0.1 3.71 80 25,000 
2. Pentaborane 0.01 2.5 6.8 40,300 
3. Decaborane 0.05 0.35 45.5 1.4 
4. HiCal Component A 23 11.5 
5. Hydrazine 69-83 570 33 
6. Carbon tetrachloride 100 23,900 6 
7. Benzene 100 16,000 7.8 
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chloride, benzene, and hydrazine. This, of 
course, is due to their low vapor pressure at 
room temperature. 


Monitoring Devices © 


The detection of low concentrations of 
boranes has been a most serious problem, 
as has analytical work in general in the 
boron field. All of the modern analytical 
tools have been utilized on this problem: 
mass spectrometry, infrared and ultraviolet 
spectrometry, and chromatography, as well 
as the techniques of radiochemistry. In 
spite of all this analytical development ef- 
fort, there are still no commercial borane 
detectors on the market at present, but Mine 
Safety Appliances has two types of monitor- 
ing devices under development. One instru- 
ment is a small hand-operated device which 
is sensitive to pentaborane to about 0.4 ppm. 
This instrument is very useful in detecting 
leaks and rechecking a location before nor- 
mal operations are resumed after a spill. 
The other instrument shows great promise; 
it measures the concentrations of boranes 
electrically and is expected to determine 
concentrations below 0.1 ppm, probably as 
low as 0.01 ppm. This instrument will be 
useful for continuous monitoring of work- 
ing areas. 

Callery’s safety record in the last two 
years is comparable to that of the petroleum 
industry in frequency and is very much 
lower in severity than any of the process 
industries. Callery’s safety record has 
shown steady improvement as_ personnel 
have gained experience and further devel- 
oped engineering techniques in this new 
commercial field. 


Safety Measures 


In general, safety results from avoiding 
inhalation, skin contact, or ingestion of any 
borane material. In all normal operations 
all laboratory workers wear long-sleeve 
clothing and eye protection. The use of rub- 
ber gloves and respiratory protective devices 
is mandatory in case of a spill or where 
there is a possibility of contact » ‘th vapors 
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or liquid. In cases of high concentrations 
of vapors the MSA Chemox (rebreather 
type) apparatus or air-line masks are rec- 
ommended. In cases of spills a 3% aqueous 
ammonia solution is used to neutralize the 
fuel and wash it from skin, clothing, floors, 
and equipment. 


Laboratory investigations are usually car- 
ried out in fume hoods. The air in these 
hoods is changed at the rate of 5 to 10 times 
a minute. The laboratories are maintained 
at a positive pressure with an auxiliary 
heater-blower which supplies warm outside 
air. Because of chemical reactivity as well 
as toxicity, experiments are carried out in 
all-glass vacuum line systems whenever pos- 
sible. This technique was developed pri- 
marily for use in the boron hydride field 
and has the added advantage of giving ac- 
curate results with use of only small quanti- 
ties of reactants. Equipment, such as dry 
boxes, is also used to combat the reactivity 
of the chemicals and to protect research 
personnel. 

Because of the reactivity of various of the 
fuel intermediates, all equipment, whether 
in the laboratory, pilot plants, or production 
units, is carefully flushed with nitrogen prior 
to use, in order to remove water and air and 
thus insure safe operation. In setting up 
engineering-scale research equipment, % in. 
steel plate is used both as protection for the 
operators and as a panel board. This, in 
connection with a “soft” wall on one side of 
the steel-walled rooms, has served very 
satisfactorily during the last several years. 
In addition, each one of these rooms is ex- 
hausted by its own blower, and air entering 
the building is tempered and used to pres- 
surize the experimental units. Thus both 
physical and toxic protection is afforded the 
operators, 

In full-scale operations the same basic 
rules are followed to give safe operating 
conditions; that is, the buildings are ade- 
quately ventilated, and much of the con- 
struction is of the outdoor type, thus 
reducing the chances of toxic exposure. In 
addition the larger plants make greater use 
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of distance for protection, with due con- 
sideration given to the large quantity of ma- 
terials in process. 


New Applications for Boron Compounds 


Recent intense research has created great 
interest in boron chemicals. As of now the 
largest “new” use for boron compounds is 
as high-energy fuels. Many of the new 
compounds have unique chemical properties, 
and it is inevitable that they will find many 
chemical uses. 

One of the most notable chemical proper- 
ties of boranes which make their commer- 
cialization inevitable is their reducing ability. 
Most commercial reducing agents, although 
rather cheap, are not particularly selective. 
The boranes, on the other hand, are quite 
selective. In fields where purity or yield is 
important, such as in the pharmaceutical or 
perfume industries, boranes are now in use 
and will find much wider application as 
their price is reduced. 

Various boron compounds have had 
application in such diverse areas as poly- 
merization catalysts, fuel additives, bacterio- 
cides and fungicides, and as a welding flux. 
It is possible to protect the more active 
metals with a film of unreactive metal boride 
with some of these compounds. Methyl bo- 


rate is a nonaqueous solvent which could 
improve certain reactions, One of the most 
recent applications of a boron compound is 
the use of trimethoxyboroxine as a metal- 
fire extinguisher—for titanium, zirconium, 
magnesium and others. 

The development of boron-containing 
high-energy fuels has aided in opening a 
new and exciting field of chemistry. The 
boron hydrides and some of the related com- 
pounds are toxic, but their safe use depends 
only upon proper knowledge and _ safety 
practices, as evidenced by Callery’s own 
record over a period of 10 years. An inter- 
esting and quite important observation has 
been made: There has been no indication of 
permanent damage to any employee during 
this period. This is particularly important 
as far as the future of both high-energy 
fuels and commercial boron chemicals is 
concerned. With these observations, based 
on literally thousands of routine medical 
tests performed periodically on several hun- 
dred employees, military and _ industrial 
leaders can be assured that boron com- 
pounds can and will assume their rightful 
place in both our military and our industrial 
economy. 
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Welfare Fund Legislation—Good or Bad? 


WILLIAM B. BARTON, Washington, D. C. 


What the nation should do about pension 
and welfare funds presents one of the most 
difficult and important questions in the field 
of labor law. It is difficult because experts 
with the same laudable purpose of protect- 
ing the money of working people would 
accomplish the result in different ways. It 
is difficult also because there are a number 
of groups which have special interest in the 
matter and they are all tugging in somewhat 
different directions. 

The subject is important because these 
funds have become big business. To de- 
scribe them as such is no overstatement. 
From $8,000,000,000 to $9,000,000,000 go 
into them annually. Over $25,000,000,000 
are held in pension fund reserves, which are 
increasing at a rate of $4,000,000,000 to 
$5,000,000,000 every year. 

These funds, so-called, have come to have 
a recognized impact on the securities mar- 
ket. They are so sizeable that at times ex- 
perts credit them with ability to affect a 
market swing through their buying and sell- 
ing activities. Another way to emphasize 
their importance is to observe that they are 
one of the important sources of equity capi- 
tal today. 


History 


Now these funds didn’t just happen. 
They have their roots in definite historical 
developments. Pension plans led the way. 
The Grand Trunk Railroad had one, for in- 
stance, as early as 1874. A New York 
utility established one 18 years later. A 
bank pension plan was set up in Chicago 
just before the turn of the century. Plans 
multiplied after 1900. There were more 
than 1000 of them by the late 1930’s. These 
were unilateral pension plans, usually set up 
voluntarily by employers for the benefit of 


employees. It was hardly even dreamed at 
that time that pension plans and sickness 
and hospitalization benefits would some day 
be a subject on which employers would be 
required under the law to bargain with 
unions when they so demanded. 

Meanwhile the public was becoming more 
and more concerned with personal economic 
security. The millions of unemployed dur- 
ing the depression of the 30’s aroused deep 
feelings on this question. How emotional 
the subject was reflected itself in national 
legislation in 1935, when Congress enacted 
the Social Security Act. 

During the war, moreover, the War La- 
bor Board’s policies emphasized individual 
and group economic security. It took a 
friendly attitude toward group insurance 
and hospitalization plans, protected existing 
pension plans, and advanced other so-called 
fringe benefits. This policy continued under 
the limited wage stabilization program of 
the Korean War. Meanwhile, the courts is- 
sued rulings at the end of the last decade 
that pension and welfare plans were sub- 
jects of required bargaining under our labor 
laws. These rulings stimulated union ac- 


tivity on the subject and greatly increased 
the number of plans established by union 
and employer negotiations. 


Growth in Size and Importance 


The funds grew greatly in both number 
and size. It was estimated, for instance, by 
a Senate Subcommittee study in 1956 that 
there were 21,000 private pension plans in 
the nation covering 12,500,000 employees. 
The same study estimated that there were 
over 44,000,000 employees under Blue Cross 
plans. 

It came to be realized about the same time 


that certain of the unions were very 
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wealthy, in some instances controlling well 
over $200,000,000. It became generally 
known that in some cases they owned banks, 
apartment and office buildings, and insur- 
ance companies, as well as sizeable blocks 
of securities. Much of this union wealth 
was the direct result of money accumulated 
for employee benefit purposes. I restate 
what I said earlier—that these funds have 
become big business. 

Insurance companies and trust depart- 
ments of banks came to regard such plans 
as a potential source of very important busi- 
ness. So did the brokerage houses. Natur- 
ally employers and unions developed 
increasing interest in them. Both big com- 
panies and big unions developed investment 
experts who specialized in the handling of 
these funds. 


Little Control Over Funds 


There was little accountability exacted 
regarding them, however. Especially was 
this true where unions handled them. In 
case an employer set up and handled a plan 
it was largely self-policing. He tried to get 
the best value he could for money spent 
just as he would do with respect to any 
other cost of doing business; he would not 
steal from himself. Unions had no such 
incentive. 

Moreover, government under the New 
Deal and Fair Deal had developed a go- 
easy policy with respect to labor unions, 
whereas corporations were closely watched. 
Hence a great many union leaders were 
inclined to deem themselves as having spe- 
cial privileges. They would be inclined to 
do things—to take chances—the conse- 
quences of which would frighten most em- 
ployers when similarly tempted. 

The authors of the Taft-Hartley Act had 
enough foresight to see the dangers involved 
in these employee benefit plans. They wrote 
Section 302 into that Act. It tackled the 
problem by prohibiting employers from 
making payments for such purposes direct 
to the unions. The money had to be paid 
into a trust fund to be jointly administered 
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by representatives of employer and em- 
ployees. The Taft-Hartley Act required, 
moreover, that the terms of the trust be set 
out in a written instrument. 


But this section of the law proved to be 
deficient. It laid down no guide lines for 
trustees. It became evident that the so- 
called union trustee was usually the one who 
in reality managed the trust. 


Abuses Found to Center in Jointly 
Administered Funds 


In time, rumors developed that certain 
of these funds were not being properly 
handled. The rumors proved well founded 
because several years study by subcommit- 
tees of the Senate Committee on Labor and 
Public Welfare and more limited study by 
the House Committee on Education and 
Labor revealed many abuses in this type of 
health and welfare plan. In fact the abuses 
seemed to center in these jointly managed 
funds even though they applied to less than 
10% of employees covered by health and 
welfare plans. Some of the abuses repre- 
sented a crude helping one’s self to the 
trust funds. Other times the abuses were 
more subtle, being the act of placing a 
relative on the fund’s payroll or receiving 
a cut for “throwing business” to a certain 
company. 

The public, of course, does not approve 
sharp or dishonest practices, whether by 
employers, union representatives or third 
parties. It becomes especially emotional 
about practices that wrongfully deplete these 
funds. There is general agreement, there- 
fore, that the law ought to protect employees 
from such a loss. 


States Should Be Allowed to Handle 
Problem 


Employers who have thoroughly studied 
the problem of such legislation suggest that 
the states really could best do this job. The 
states are closest to the problem. They have 
been taking the needed legislative steps. 
New York, Washington, Wisconsin, Con- 
necticut, California, and Massachusetts have 
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enacted legislation during the past two years 
since public opinion has become aroused 
about the problem. Other states will be sure 
to follow if given the opportunity. No ac- 
tion by the federal government should fore- 
close them. 


Unnecessary or Duplicating Legislation 
Should Be Avoided 


If Congress does proceed with legislation, 
it should by all means avoid any provisions 
that are unnecessary. Since the jointly man- 
aged funds are the ones where misconduct 
has been shown to exist, legislation should 
be aimed at them. The burden of being 
under legislation should be spread to the 
unilateral plans only when and if miscon- 
duct is definitely shown to be a problem in 
them. These unilateral plans cover more 
than 90% of the employees that are under 
plans. Surely it is unfair to include them 
in legislation just because corruption has 
been found in some of the plans covering 
less than 10% of employees. Government 
money, moreover, should be spent more 


wisely than to use it administering such 
legislation, until need for it is definitely 
shown. 


Likewise any legislation which is enacted 
should avoid duplication. If information is 
already required for tax purposes, for in- 
stance, it would be unsound, inefficient, and 
wasteful to require the same information to 
be reported to a second agency. 

Care must be taken in any event, more- 
over, that required information does not 
harm the employer. Required data about 
welfare funds must not be allowed to be 
a first step toward a requirement that em- 
ployers disclose other financial data which 
they do not now have to reveal. Disclosure 
of investment portfolios as a requirement 
would be bad for these and other reasons. 

Any legislation that is administered 
should by all means be in the hands of a 
neutral government agency. Since required 
data might be used to the detriment of 
employers, surely no basically prolabor 
agency, federal or state, should control it. 
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Proposed Legislation Does Not Conform 
to Appropriate Standards 


How closely does proposed legislation 
conform to these standards? 

The answer is that the type of legislation 
that is proposed bears little likeness to them. 
That farthest on the way toward enactment 
is Senate Bill 2888. It is likely to be a first 
item of business of the Senate Labor and 
Public Welfare Committee when Congress 
reconvenes. 


State laws on the subject will almost 
surely become unimportant once this pro- 
posal becomes law, as it preempts state legis- 
lation. It should be said in fairness that the 
bill makes a gesture toward keeping alive 
state laws that may be enacted. What will 
likely happen, however—as almost invari- 
ably happens when the federal government 
invades a field—is that state legislatures will 
no longer act. They will feel restrained and 
fear criticism for duplicating federal gov- 
ernment action if they do so. 


The proposed legislation, moreover, is 
not aimed at the jointly operated plans 
which have been the center of abuse. It 
covers the waterfront. Its author boasts 
that “it covers virtually all welfare and 
pension benefit plans except those adminis- 
tered by a governmental instrumentality.” 
What an unnecessary expenditure of gov- 
ernment funds! What a hardship on those 
who manage plans that are self-policing! 
What an addition to their operating costs! 

The proposed legislation requires disclo- 
sure of investment portfolios. This require- 
ment should not be taken lightly. It is likely 
to be a first step toward giving union lead- 
ers financial information about companies 
with which they bargain. Certain union 
leaders have long sought this information. 
Such a requirement could be used, more- 
over, to damage some companies and help 
others, according to which happened to be 
in the good graces of the union. This dam- 
age or help could be effected by manipulat- 
ing blocks of such companies’ securities 
through the tremendous investments unions 
of today can make. 
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And does the proposed legislation place 
the administration of the law in a neutral 
agency? On the contrary, it places the mat- 
ter in control of the most partial agency 
in government. The Department of Labor 
is created by law to promote the welfare of 
wage earners. Hence through the years it 
has given very close attention to union lead- 
ers as spokesmen for wage earners. There 
is no reason to believe administration of 
welfare funds would be an exception to the 
rule. Union leaders would be conspicuous 
in their role of advice to the Department 
regarding such administration. Employers 
would feel, and probably would be, “on the 
outside.” They would suspect the entire 
matter. Such an attitude toward any law 
is most unfortunate because the effective- 
ness of law depends on public confidence 
in it. Some such neutral agency as Internal 
Revenue should administer such a federal 
law if Congress enacts one. 


Danger That Legislation Will Fool 
Public 


There is one final and very important 
consideration about welfare fund legislation. 
It overrides all other considerations. I 
refer to a danger that welfare fund legis- 
lation will be used to fool American public 
opinion. The people know from the Mc- 
Clellan Committee disclosures that some- 
thing ought to be done to rectify crooked 
practices in certain labor unions. The pro- 
union crowd both in and out of Congress 
detect this trend in public opinion. Hence 
it is their strategy to give the people welfare 
fund legislation in order to satisfy them. 
They know such legislation would not get 
at the basic problems such as (1) compul- 
sory union membership; (2) use of com- 
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pulsory dues money for political purposes; 
(3) damage to neutrals through use of 
secondary boycotts; (4) compelling employ- 
ees in a plant to join a union not of their 
choice through organization picketing; (5) 
violence in labor disputes; (6) the monop- 
oly power of large unions today and the 
need for application of the antitrust laws; 
(7) democracy in unions, 

These and a multitude of other evils need 
attention. If Congress deals with welfare 
funds and does nothing more, it will have 
failed to handle the much more basic and 
vital problems. 

Welfare fund legislation will be bad if it 
diverts attention from the basic evils that 
corrupt certain segments of organized labor. 
It will be bad if it runs counter to the 
standards I have mentioned. It is more 
likely to be good legislation if we wait a 
while—especially if we wait until the work 
of the subcommittee under Senator McClel- 
lan’s chairmanship is much more fully 
developed. To wait would also give more 
states an opportunity to act. If a few more 
important ones take action, Congress could 
appropriately refrain from legislation. The 
problem is basically one of conduct by trus- 
tees, a matter which the states have tradi- 
tionally handled. To avoid expansion of 
federal government into this area would 
be a most desirable answer to the usual 
practice of the day to let Washington, D. C., 
solve all of our problems. 

I appeal to all to study this problem. It 
is going to continue as an important issue 
for some time. The basic danger is that 
something unsound may be done as a result 
of public failure to understand the issue. 


U. S. Chamber of Commerce. 


Brainstorming in the Search for Chemical Warfare 


Agents 


E. A. METCALF, Ph.D., Army Chemical Center, Md. 


The first question that naturally comes to 
your minds is this: Why should industrial 
management be interested in the research 
problems of the U. S. Army Chemical 
Corps? My answer is three-fold: 

1. Because of the threat of toxicological war- 
fare, you are interested in this nation having the 


necessary capabilities to defend your workers, your 
production facilities and, above all, your families. 


2. You believe that the statement by George 
Washington, “To be prepared for war is one oi the 
most effectual means of preserving peace,” still has 
merit. Hence, you would desire that we be ade- 
quately prepared to retaliate if attacked. 


3. In times of national emergency, our industrial 
plants are the arsenals on which the Army Chem- 
ical Corps, as well as all other military agencies. 
depends for supplies. 

_ You might then inquire further: Is toxi- 
cological warfare really a serious threat? 
The American industrial complex, with its 
enormous and ever-expanding productive 
power, is a glittering prize in the eyes of any 
potential enemy—an enemy, who, undoubt- 
edly, dreams of the possible utilization of our 
factories and labor resources for his own 
aggrandizement. Would a_victory-minded 
enemy, bent on making such dreams come 
true, be likely to use weapons of maximum 
destruction? The prediction is yes, but pos- 
sibly no, for the cataclysmic destruction of 
nuclear explosions not only destroys the 
workers and their facilities for production, 
but also renders the very land on which 
these production units stand unfit for occu- 
pation or use. An alternative to the enemy’s 
use of conventional high-explosive or nu- 
clear weapons might be his use of chemical 
or biological agents to stop production by 
putting our personnel either temporarily or 
permanently out of action. Thus, the pro- 
duction facilities he may covet are preserved 


for future use. At the same time, sufficient 
numbers of “slave laborers” may be ac- 
quired who are already experienced in the 
operation of these plants. 


Preparedness a Prime Necessity 


Inasmuch as toxicological warfare is a 
continuous threat to our security, it is the 
mission of the U. S. Army Chemical Corps 
to insure, within the limits of its authority 
and resources, adequate preparedness for 
defense against and retaliatory use of toxi- 
cological agents. As the only agency of its 
kind in our government, the Corps must 
carry out the research and development, the 
procurement or manufacture, the storage 
and supply, and certain phases of the train- 
ing necessary to provide these capabilities, 
not only among the agencies of the Depart- 
ment of Defense, but also the Federal Civil 
Defense Administration and the U. S. Pub- 
lic Health Service. This preparedness for 
retaliation is a prime necessity, for as Stalin 
once said in reference to scientific warfare, 
“. . he who prepares only for defense is 
digging his own grave.” 

From the two major world conflicts in 
which our nation has been involved, other 
reasons can be deduced which seem to make 
the use of weapons of minimum destruction 
(toxicological agents) by an enemy even 
more of a possibility in any future war. 
World War II was the most costly and de- 
structive conflict in history. Over one-half 
of the more than 52,000,000 killed or in- 
jured were civilians. The belligerent nations 
spent more than a trillion dollars on arma- 
ments and war materiel. Other material 
costs were so fantastically high as to be 
immeasurable. The world has seen what a 
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costly business it has been to underwrite the 
rebuilding of the destroyed nations to the 
point where they are economically self- 
sufficient and much less of a burden on the 
rest of the world’s economy. It is question- 
able whether the world economy could sur- 
vive the more massive destruction that could 
be wrought with today’s weapons. 


The statistics gathered during World 
War I showed that in the one year that 
U. S. troops were active in combat, about 
one-third of all the casualties in the AEF 
were caused by gas. But it is important to 
realize that, of these, only 2% died while 
8% of those wounded by all other means 
died. In other words, the man “wounded” 
by gas had a four times better chance of 
survival, unmaimed, than did a man hit by 
flying lead or steel. Of course, the wounded 
casualty provides a bonus to the offense in 
that additional manpower is required to 
care for the casualty during convalescence. 


General Fields of Chemical Corps 
Research 


With this background on the possible 
danger from enemy attack by toxicological 
agents and the efficacy of chemical warfare, 
it is apparent why we believe that the search 
for new agents is a very pressing problem. 
In the Chemical Corps’ glossary, a new 
agent is a compound, mixture, or formula- 
tion having chemical, physical, or physio- 
logical properties which resemble more 
closely those of the theoretical ideal than the 
presently used substance. The scope of this 
search can be indicated by outlining the 
following general fields of Chemical Corps 
research that have been cleared for dis- 
cussion : 

1. The study of substances having an adverse 
physiological action on the human animal, regard- 
less of whether the compound has a high degree 
of lethality or is essentially nonlethal. In the latter 
group, the search is for highly potent convulsants, 
sedatives, or other pharmacologically active sub- 
stances which would incapacitate the recipient to 
the extent that he would be physically or mentally 
incapable of carrying out his assigned duties. 
Members of this group of nonlethal compounds 
would also be useful as training agents and 
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maneuver agents. Training agents are those sub- 
stances useful in training troops to protect them- 
selves when subjected to attack by chemical 
warfare (CW) agents. If they fail to protect them- 
selves adequately against the training agent, the 
effect should be sufficiently unpleasant so that they 
would remember to follow the approved protection 
techniques in the future. Maneuver agents are 
those substances which are useful in war games 
to demonstrate to field commanders the effective- 
ness of CW agents. The substances must have a 
sufficient physiological action on the recipient so 
that his inability to carry out his assigned duties 
is immediately apparent to the field umpire. Fur- 
thermore, it is desirable that these substances should 
have no effect on civilians who may be in the area. 
This latter qualification practically requires that 
this agent be a two-component system. One part 
would be used to sensitize the recipients whom you 
wish to incapacitate, and a second component, 
dispersible by conventional CW agent munition sys- 
tems, would induce the desired physiological reac- 
tion in the sensitized subject. 

2. The research concerned with those substances 
having therapeutic and prophylactic value. This 
area covers the whole range of interests concomi- 
tant with the effects of standard or potential toxi- 
cological agents. 

3. The search for and the testing of those sub- 
stances, compounds, and mixtures which have 
specialized properties, such as gelling, thickening, 
incendiary, decontaminating, or smoke-producing. 
Thus, we are interested in such items as gelling 
agents for gasoline or other flame-thrower fuels 
which will give viscoelastic gels that are not sensi- 
tive to water, substances which when added in small 
percentages to toxic agents will markedly increase 
their viscosity and their usefulness when dispersed 
from spray tanks or land mines, etc. 

4. The general area of research described by 
those parameters involving the detection of toxi- 
cological agents and nuclear radiation, including 
the protection and decontamination of personnel 
and materiel exposed to the effects of these hazards. 

5. The research area concerned with biological 
warfare (BW) in all its ramifications. To mention 
only a few, these studies involve problems con- 
cerned with plant-growth regulators, defoliants, 
immunology, etc. 


Methodology Used in Search for 
New Agents 
The explanation of the methodology 
used by the Chemical Corps in its search for 
new agents in all of these fields of interest 
would be too lengthy for this discussion. I 
have chosen toxicological agents as a specific 
example of this methodology. Later I will 
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also describe the Industrial Liaison Program 
(ILP) which serves as a _ cooperative 
searching mechanism for all of the Chemical 
Corps’ research interests, 

The search for chemical substances hav- 
ing a high degree of lethality, a great in- 
capacitating activity, or physical properties 
which make them amenable to dispersing 
systems may follow many different path- 
ways. Since 1948, a number of these 
searches have been conducted by industrial, 
academic, or research-foundation groups 
under research contracts with the Chemical 
Corps. In all our internal work we are 
aided by the suggestions and experience of 
three groups of well-known industrial and 
academic scientists: the Chemical Corps 
Advisory Council, the American Chemical 
Society Committee Advisory to the Chemi- 
cal Corps, and the Society of American 
Bacteriologists Committee Advisory to the 
Chemical Corps. Additional aid for specific 
problems is obtained from a rather large 
group of consultants who may or may not 
be members of one of these advisory 
groups. Our internal work follows two gen- 
eral approaches: the Beilstein-Edisonian 
methodology, and the investigation of nat- 
ural products. 


The Beilstein-Edisonian Approach 


The Beilstein-Edisonian approach con- 
sists of a continuous search of the literature 
for new and/or old classes of compounds 
having known physiological activities which 
would be directly suitable for our purposes 
or which could be modified synthetically, on 
the basis of structure-activity relationships, 
to yield substances having a higher potency 
or more amenable physical properties. This 
approach, although useful, depends entirely 
on that elusive relationship between struc- 
ture and activity. Unfortunately, no gener- 
ally useful structural relationships have been 
discovered which allow the prediction of the 
toxicity of a new compound or the formula- 
tion of a highly potent one. 
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Investigation of Natural Products 


From the time of the witch doctor’s magic 
brews to that of the modern scientist in his 
gleaming, air-conditioned laboratory, the 
field of natural products has been an unend- 
ing source of compounds having various 
degrees of physiological activity. Naturally, 
the curiosity of the Corps’ scientists has 
been whetted by stories of arrow poisons 
that would stop a charging tiger in his 
tracks, of powders that when used like snuff 
would produce inebriation equivalent to a 
bottle of good rum, and the disposal of an 
enemy by inviting him to dinner and serv- 
ing a fish that had been baked with a twig 
of a certain bush. 


The problems involved with research in 
this field are manifold: the authentication 
of the stories, persuading the reluctant na- 
tives to part with their tribal secrets as to 
which plant or fish has the fabulous activity, 
the collection of many specimens, the isola- 
tion of the pure component, the proof of 
the chemical structure, and finally the syn- 
thesis. Never being satisfied, the scientists’ 
next step is the synthesis of homologues, 
analogues, and/or hypothetical fragments of 
the active constituent which would have a 
less complex structure, a greater potency, 
or which would be more easily synthesized 
in large quantities from cheaper or more 
easily available raw materials. Unfortu- 
nately, many of the most toxic materials 
from natural sources are proteins. Even 
with recent successes in the determination 
of structure of proteins and the synthesis 
of naturally occurring peptides, the proc- 
esses are still too complex for the large- 
scale synthesis that would be necessary if 
proteins were to be used as toxicological 
agents. 

Two of the naturally occurring poisons 
which the Chemical Corps has under investi- 
gation at the present time are the paralytic 
poison obtained from the siphons of certain 
clams, and the toxicant isolated from the 
viscera of the Pacific Ocean fish known as 
the puffer. Both poisons are nonproteina- 
ceous substances of relatively low molecular 
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weight which have been isolated in pure 
form. The intravenous toxicity of these 
solids is about the same as our standard 
agent, GB, the nerve gas known as Sarin. 


Profiting from Unexpected Occurrences 

In the search for new agents, as is true 
in all research, there is one principle that 
cannot be overlooked. This is the principle 
of serendipity which is defined by Langmuir 
as “the art of profiting from unexpected 
occurrences.” Two of the most widely 
known and feared toxicological agents, mus- 
tard gas and GB, are examples of the opera- 
tion of this principle. 

Mustard gas, (bis[{2-chloroethy]] sulfide), 
the most effective of the 32 different chem- 
ical agents used during World War I, was 
known some 50 years before its chemical 
warfare potential was recognized. How- 
ever, the recognition of its potential as a 
possible agent was probably the result of 
an accidental spill on the person of Dr. 
H. T. Clarke of Columbia University while 
he was working in Emil Fischer’s Berlin 
laboratory during the period 1911-1912. 

The discovery of Sarin or GB, the nerve 
gas known chemically as isopropyl methyl- 
phosphonofluoridate, is another example of 
the principle of serendipity. The discoverer 
was Gerhardt Schrader, a German scientist 
working for the I. G. Farben trust, who was 
engaged in a search for new and more po- 
tent insecticides, not chemical warfare 
agents. Besides GB, his group also pro- 
duced GA or Tabun (ethyl N,N-dimethyl- 
phosphoroamidocyanidate), and, after the 
war was well under way, Soman or GD 
(pinacolyl methylphosphonofluoridate). Of 
these war gases, GA was prepared and 
stockpiled in large quantities by the Ger- 
mans, but never used. The largest plant for 
their manufacture (Dyhernfurth, Poland) 
was confiscated by the Russians, dismantled, 
and together with its key technical person- 
nel, shipped to Russia. It would be unrealis- 
tic to believe that in the hands of competent 
scientists these leads would not have pro- 
duced, by this time, more potent anticho- 
linesterases. 
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The Search for More Effective Antidotes 


All of the agents in this series act by the 
same mechanism—i.e., they react with 
acetylcholinesterase, permitting the accumu- 
lation of acetylcholine at the nerve endings, 
thus causing excessive stimulation of the 
parasympathetic nervous system. Fortu- 
nately, it has been demonstrated that auto- 
nomic blocking agents, such as atropine, 
nullify the effect of the accumulated acetyl- 
choline, and thus an antidote is available. 
(Furthermore, our gas masks provide effi- 
cient protection against the vapors of these 
agents.) The search for more effective anti- 
dotes continues within our laboratories and 
by outside research groups. To mention 
only one of the latter, the Nachmansohn- 
Wilson group of Columbia University has 
recently prepared PAM, the methiodide of 
2-pyridine aldoxime, which protected mice 
against DFP (isoflurophate; diisopropyl 
phosphorofluoridate), a relative of the G 
agents, but not from the G agents, per se. 
After completion of such developmental 
tests, the final testing will have to be con- 
ducted on human guinea pigs. 


Slow-Motion Brainstorming 


The most general of our searching opera- 
tions, which include all categories and types 
of CW agents, is the slow-motion, large- 
scale, brainstorming process known as the 
Industrial Liaison Program (ILP). This 
program was designed specifically 

1. To acquaint the scientists of our country with 
as many of the Corps’ research problems as is 
possible within Army security limitations. 

2. To solicit from these same industrial and 
academic scientists ideas, suggestions, compounds, 
or research know-how that will aid any of the 
Corps’ current research problems. 

This solicitation is accomplished through 
discussions held with scientists who are 
visiting the U. S. Army Chemical Warfare 
Laboratories, by the visits of the ILP staff 
to various scientific laboratories, and 
through correspondence. During the last 12 
months, my associates, Capt. William Nel- 
son and Dr. R. V. Brown (a pharmacologist 
who spends about 10% of his time with the 
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ILP) and I have traveled over 35,000 miles 
in visiting over 200 laboratories and dis- 
cussing (round-table-wise) our program 
with approximately 600 scientists. Some 
2000 others have been briefed verbally 
through talks given by Major Gen. William 
M. Creasy, Chief Chemical Officer, U. S. 
Army, Brig. General Jacques H. Rothschild, 
Commanding General, Chemical Corps Re- 
search and Development Command (until 
his retirement Sept. 30, 1957), and me. We 
look on this program as a very large-scale 
but slow-motion type of brainstorming. To 
be sure, we are not following many of A. F. 
Osborn’s * recommendations, for we present 
many problems, not a single rather specific 
one; our idea group is composed of hun- 
dreds of contributors, not a dozen; it takes 
us weeks rather than an hour to get a list 
of ideas together for evaluation; it is a 
continuous process, not one set up for a 
specific time or need. However, the evalua- 
tion of ideas, the testing, and reporting back 
to the idea-group on the usefulness of their 
suggestions follow the general practice of 
the experts in brainstorming. This program 
has demonstrated that it can save the Chem- 
ical Corps both time and money in its search 
for new agents and in accomplishing the 
aims of its many other research programs. 


Patent Rights of Donors Protected 


The Industrial Liaison Program provides 
a leak-proof mechanism through which pro- 
prietary or unpatented information can be 
furnished to the Chemical Corps for an 
evaluation of its usefulness in our research. 
Naturally, the Chemical Corps will protect 
the rightful interests of the donor; thus, 
cooperation with the ILP will be performed 
without prejudice to the patent rights of the 
submitter. However, all participants are 
advised that the government, by accepting 
information or samples, does not assume 
any obligation whatsoever with respect to 
compensation for that which is furnished or 
to the awarding of future contracts. If a 


* President of the Creative Education Founda- 
tion, Buffalo. 
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procurement requirement did develop on the 
basis of a submission, the submitter, already 
having a knowledge of this item, would be 
in a most advantageous position to make an 
acceptable bid. 

It hardly needs to be stated to this group 
that industry takes great precautions in pro- 
tecting its proprietary or unpatented infor- 
mation. For this reason, the method used by 
the ILP in protecting this valuable infor- 
mation is of paramount importance. The 
Industrial Liaison Office is the central con- 
trol point for all industrially classified in- 
formation received by the ILP staff or by 
any of the personnel of the U. S. Army 
Chemical Warfare Laboratories. The ILP 
files are separate from the regular labora- 
tory files and are accessible to no one except 
the immediate office staff. 

When a suggestion is received from in- 
dustry, the donor’s name is removed and 
a CS (Commercial Source) code number is 
assigned. All incoming correspondence is 
received by the ILP staff unopened, and 
replies are sealed before leaving the office. 
The potential usefulness of the submitted 
information is discussed by a small group 
of our research leaders consisting of either 
career Chemical Corps officers or career 
civil servants who have no connection with 
industry. If the suggestion or compound 
appears to be of immediate use, additional 
information or a sample is requested for 
further evaluation. Samples are handled 
with the same safeguards as information. 
All suggestions, not of immediate value, are 
filed for periodic review. In any case, the 
donor is kept informed as to the disposition 
of his idea. If samples are tested, an un- 
classified report of the screening results is 
sent to the submitter. 

Today the ILP files contain over 2000 
formulas and suggestions which the scien- 
tists of the United States have submitted to 
the Chemical Corps. How many millions 
of dollars worth of research this represents 
is impossible to estimate. Thus far, only 
300 of the nation’s 3000 industrial labora- 
tories have been contacted. Their coopera- 
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tion with the ILP has been excellent. Some 
companies send us monthly lists of com- 
pounds or suggestions; others have opened 
their chemical-biological files for us to 
choose the desired information, and some 
keep us informed of new products under 
commercial development, new research pro- 
cedures, or synthetic processes. The infor- 
mation obtained through the ILP not only 
saves the Corps’ time and money, but also 
prevents us from using your tax dollars to 
duplicate research that has already been 
completed elsewhere. 


Advantages to Industry 


There are numerous advantages that can 
be gained by industry through cooperation 
with the ILP: 

1. From the unclassified screening report sent 
to the donor on all samples requested for screening, 
a new or unexpected use may be brought to light. 

2. Your technical representatives will be put in 
touch with the right research group when they 
visit the U. S. Army Chemical Warfare Labora- 
tories looking for potential uses for new products. 

3. Meetings can be arranged so that your scien- 
tists and ours can get together for discussions on 
problems of mutual interest. 

4. In some cases, safety procedures for handling 
hazardous materials can be furnished. 


5. If we have been briefed sufficiently well on 
your fields of interest, research capabilities, and 
facilities, we can provide our project officers with 
this useful information in their search for potential 
contractors for research. 


6. As we become familiar with the research 
interests of your scientists, preprints of articles 
to be published by our research groups in the same 
area of interest can be made available. 

I have pointed out some of the factors 
which appear to make toxicological warfare 
a potentially serious threat to our well-being. 
In addition, the Chemical Corps’ general 
areas of research have been outlined and 
the methodology of the search for new 
agents has been explained. May I remind 
you that the Chemical Corps is assigned 
heavy responsibilities for the protection of 
our nation against chemical or biological 
attack. As citizens of these United States, 
you support the U. S. Army Chemical 
Corps through your tax dollars. It is, there- 
fore, our responsibility to see that you get 
the most for your money, and it is your 
obligation to see that your Army Chemical 
Corps gets the cooperation necessary to do 
the job you want done. 


U. S. Army Chemical Warfare Laboratories. 


Safety 


JOHN V. GRIMALDI, Ph.D., New York 


Speaking as one who is still growing, to 
another, let me begin by congratulating you 
on how advanced you are for your years. 
In America, where competition weeds out 
the ineffective with such devastating swift- 
ness, mere survival is an achievement in 
itself. Steady growth, however, requires 
something special. Any institution which 
occupies a position of increasing leadership 
in its selected field, must be representative 
of enterprise, intelligence, energy, and char- 
acter. This is true of the Industrial Hy- 
giene Foundation, as indeed it is true of 
General Electric. 

Industrial leaders, presently, carry a 
greater responsibility than their forerunners 
of a few generations ago. Today, moral 
firmness and a regard for human values are 
added ingredients in the prescription for 
business progress. People are the principal 
consideration of business. Pleasing them is 
its ultimate purpose. How well this is ac- 
complished often is difficult to measure. In 
the material areas, business has done quite 
well during the immediate past years. It 
can be assumed this would not be so if 
people were dissatisfied. Yet, in the human- 
istic areas, One sometimes wonders whether 
people recognize management’s leadership 
and contributions. It has only been in one 
important function—safety—that business 
has been acknowledged for its concern for 
people. This was evident when 1100 rank- 
and-file employees, representing a cross sec- 
tion of industry, in a recent authoritative 
survey almost unanimously stated that they 
were more confident of management’s con- 
cern for safety than any other key employee 
goal. It might be worth while, therefore, 


to glance at the past, then examine what lies 


A Glance Backward, Then a Look to the Future—in 


ahead in the field of safety, so that we can 
better understand the reasons for this high 
vote of confidence and what must be done 
to keep it. 


Organizing to Promote Safety 


It is interesting for me, and I hope it will 
be for you, to recall that safety was prob- 
ably the first organized effort by industry 
in behalf of people. Although some have 
said that industrial safety is a collateral re- 
sult of workmen’s compensation legislation, 
this is not correct. General Electric, for 
example—and if I recollect properly, U. S. 
Steel, too, among others— initiated work- 
safety programs as early as 1907. It was 
not until 1911 that New Jersey passed the 
country’s first workmen’s compensation law. 
About the same time, a small group of men 
interested in safety work met in Milwaukee 
under the auspices of the Association of 
Iron and Steel Electrical Engineers to plan 
the creation of a great national association 
of business companies which could ex- 
change the best ideas in accident prevention. 
They named the new organization the Coun- 
cil for Industrial Safety. It was privately 
organized and privately supported, but soon 
became public centered. In the beginning, 
the Council was devoted solely to advancing 
industrial safety, but its founders quickly 
recognized that the correction of hazards in 
industry was a small part of the national 
accident problem. In 1915, therefore, its 
name was changed to the National Safety 
Council, its budget was increased, and its 
program broadened to cover all the impor- 
tant activities in which people experienced 
accidents. Today, the greatest portion of 
the Council's income is spent in oft-the-job 
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safety areas, although industry is the big- 
gest contributor. And so, voluntarily, far- 
sightedly, and, yes, selflessly too, the 
business leaders of 1915 laid the foundation 
and built the structure for an organization 
to stimulate the nation’s awareness of the 
destructiveness of accidents and the rewards 
of safety consciousness. It is probable that 
the principal motivation for supporting this 
activity was a regard for the interests of 
people. There was limited direct return on 
investment that could be expected. Some 
savings might be anticipated through con- 
trol of industrial accident costs, but this 
would apply principally in those states 
which had workmen’s compensation laws. 
There may have been savings looked for in 
the possible reduction of absences from the 
plant because of fewer off-the-job accidents. 
But this is a speculation of so nebulous a 
nature, it is doubtful that it excited the 
practical business man. 


Although safety programs are for the 
people, they are not of the people or by the 
people—unfortunately. The significant acci- 
dent rate reductions in industry, for ex- 
ample, probably are more attributable to 
improved design of equipment, facilities, 
processes and operations, and more expert 
supervision, than they are to a_ sharper 
safety attitude by employees. It is this pow- 
erful effort by management that the 1100 
manufacturing employees recognized when 
they agreed that safety is the specific area 
in which they were most confident of the 
leadership of their managements. 


Accident Rate Comparisons 


Consider, if you will, some accident rate 
comparisons which reflect the degree of 
popular interest in being safe. About 25 
years ago (1930) close to 17 persons per 
100,000 total population were killed at work. 
Last year the rate was about one-half the 
1930 experience. On the other hand, motor 
vehicle accidental deaths, over the same pe- 
riod, have dropped from about 28 per 
100,000 to only approximately 26 per 
100,000 total population. Why should there 
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be so scant a reduction in the motor vehicle 
death rate? Is it because people are exposed 
more often to motor vehicle hazards? Is the 
motor vehicle inherently so much more 
dangerous than industrial operations? 


People are at their jobs generally for 
much longer periods than they are on the 
road and exposed to motor vehicle hazards. 
It would seem, therefore, that, solely on the 
basis of time exposure, work fatalities 
might establish a higher rate than motor 
vehicle deaths. From the point of view of 
hazard potential, industry has jobs to do 
which, by their nature, often are more dan- 
gerous than the automobile. Yet, the same 
people, who for the most part have experi- 
enced a 50% reduction in work fatalities, 
have not accomplished a comparable reduc- 
tion in the rate of fatal accidents while 
driving. If it is assumed that the on-the-job 
accidental death rate reduction was due 
largely to an increased popular safety in- 
terest, it could be expected that there would 
be a matching experience in the motor ve- 
hicle rate. 

Consider, if you will, another comparison. 
Accidental deaths in the home are about 1.5 
times higher, on a 100,000 total population 
basis, than work fatalities. (Incidentally, 
these death rates are adjusted to the age 
distribution of the population in 1940. Ac- 
cidental death rates differ widely between 
age groups. If the rates were not adjusted, 
they would be affected by changes in the 
average age of the population through the 
years.) Allowing for variances that gen- 
erally are present such numerical 
comparisons and that might color the con- 
clusions, the significant accomplishment in 
reducing work deaths and the absence of 
like achievement in the other categories, 
does make one wonder why such a dispro- 
portion should exist. It does not seem likely 
that people want safety more while on the 
job, although they may be incited more to be 
safe while at work because of management’s 
stimulation and capable supervision. 
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Human Behavior Quirks Alter Safety 
Consciousness 

The conclusion seems inescapable that 
safety can expect little sustained popular 
active support. Although people generally 
are aware of the ever-present threat of acci- 
dents and they probably find it reasonable 
enough to want to be safe, reason does not 
always seem to provide the perfect driving 
force or impulse to safe action. It is very 
obvious that human beings often are subject 
to irrational impulses that make them take 
actions which their reason, if it could oper- 
ate impartially, would disapprove of. Envy, 
anger, ambition, greed, self-esteem are pow- 
erful incentives to action, and often a person 
cannot help himself in spite of the risk he 
sees. 

It was not until Freud, with single-minded 
ruthlessness, probed into phenomena of 
many kinds and reduced complex events to 
simple principles that human instincts were 
explained in terms of two basic instincts. 
One, he identified as Eros, the instinct of 
self-preservation and the perpetuation of the 
species, and the other he called the destruc- 
tive instinct, Thanatos. He said, “The goal 
of life is death.” His friend Hans Sachs 
expanded this, saying, “Freud finally saw 
in every manifestation of organic life, the 
result of the unending conflict between the 
life instinct with its spectacular triumphs, 
and the death instinct, with its silent and 
invisible, yet irresistible force—the strug- 
gle between Eros and Thanatos.”” You may 
agree or disagree with Freud’s hypothesis, 
but familiar human conduct frequently gives 
it support. 

We know that at times the grip on life 
is loosened consciously, at other times un- 
consciously. We say the man who commits 
suicide is demented. We say the man who 
takes chances and dies accidentally is a 
normal man—although a bit peculiar per- 
haps. To some degree, everyone seems to 
enjoy the thrill of taking a risk and sur- 
viving. This is probably the reason for the 
appeal of roller-coaster riding, “opening the 
car up” on the expressway “to see what 
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she'll do,” “playing chicken” and Russian 
roulette. Death is not sought in these epi- 
sodes, but it is thrilling for some to see how 
close they can come to their threshold of 
fear without crossing over. 

The New York World-Telegram and Sun 
on Oct. 6, last year, reported a “New Game 
of Chicken” in New Orleans, which is a 
case in point. Two teenagers were found 
sitting back to back, blindfolded, at night, 
in the middle of a highway, each determined 
not to turn “chicken” and budge while 
cars zoomed by, passing them by inches. 
The Highway Patrol was called by a motor- 
ist who said he barely missed the boys. 
The police asked the youngsters why, if they 
wanted to commit suicide, they didn’t “go 
jump off the Mississippi River Bridge?” 
The answer? “Why should we jump off a 
bridge? That could kill you!” These boys’ 
motives, typically, were in conflict between 
safety and risk, or Eros and Thanatos. 


Physical Capacity Important Safety 
Factor 


Human behavior quirks are not the only 
problems to be solved in the implementation 


of safety. Another has to do with the 
physical capacity of people. Our technology 
advances so rapidly that it often outstrips 
human limitations. We are faced with the 
problem of putting 18th century people at 
the controls of 20th century marvels. Un- 
fortunately, engineers know too little of how 
the human organism works and reacts. Oc- 
casionally, we must learn the effects of our 
vigorously progressive civilization from un- 
anticipated, unhappy consequences. But, by 
the time we do, a great deal of damage has 
occurred and the necessities for correction 
often are more complicated. 

Not too long ago, a plant was visited just 
a few weeks before it experienced a major 
explosion. Its work was mostly experi- 
mental. The equipment, therefore, was apt 
to be temporary and was as inexpensively 
assembled as possible. Some of the process 
was inherently highly hazardous, particularly 
if the correct order of operation was not 
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followed, but the apparatus was noticeably 
free of built-in safety controls. A suggestion 
was made that the operating system should 
be fitted with appropriate devices so that 
out-of-sequence operations could not occur. 
Also, it was recommended that provisions 
be made for relieving the equipment quickly 
if rapid pressure rises developed. The sug- 
gestions were received graciously, but it was 
explained that the equipment was operated 
by the employees who had built it. It should 
be obvious, it was alleged, that since these 
men knew the idiosyncracies and hazards 
of the apparatus, they would be able to con- 
trol it. The recommended positive protective 
devices were discarded as _ superfluous. 
Shortly afterwards, however, they lost the 
operation and several of their associates. 


Planning for Safety 


Certainly, industrial accident losses can- 
not be controlled by relying on employees’ 
thinking of “safety first.” Our knowledge 
indicates that this rule is grossly presump- 
tive. The ultimate in safety is to create 
environments where people can live and 
work, and to design the contrivances they 
need so that the risk to their health and 
safety is nil, in spite of the unintentionally 
foolish acts they may commit. This is ideal 
and frequently will be impractical to 
achieve. The secondary objective, therefore, 
must be to design and build so that if an 
unfortunate circumstance does develop, the 
effects on people will not be severe. In 
either case, accomplishment will depend on 
preplanning for safety and knowing more 
about the characteristics of people. The 
engineer must receive intelligence on human 
physiological limitations, behavior effects 
attributable to environmental conditions, 
such as noise, certain chemicals, and quality 
of illumination, to name a few. He must 
then design, better than we know how to 
do today, to overcome potential safety weak- 
nesses due to the faults of people. Machines 
and environments are as we make them. 
They can be built for our safe use, once we 
are able to truly design to satisfy human 
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requirements. Exploration in this new field 
of safety knowledge has begun, but it de- 
serves more intensive effort and greater 
support. It is an area where industrial 
safety leadership can refresh itself and strike 
ahead again. 

That there is merit in sustaining indus- 
try’s position of safety leadership, I shall 
try to make clear. Some of the reasons 
will be in addition to the advantage of 
demonstrating an interest in people. Business 
is supposed to develop the hard-boiled 
executive who has covered himself with 
everything but glory in getting out of eco- 
nomic and social troubles. We have seen 
that 1100 industrial employees, when they 
tended to refute this notion, voted their 
confidence in their executives to lead them 
successfully to achieve one of their key 
goals—safety. It should be remembered that 
they might have looked to the unions or 
Government for this leadership. That they 
did not, is a management achievement which 
should not be allowed to diminish, partic- 
ularly when employees often are inclined to 
look away from management for the attain- 
ment of their other objectives. Perhaps this 
is reason enough for maintaining and ad- 
vancing safety in industry, but since earning 
a profit will always be considered the first 
function of management some practical 
justification for industrial safety probably 
must be found in terms of dollars. I do 
not think, however, that any responsible 
business man institutes a company safety 
program because he expects a direct dollar 
return from it. I believe you will agree that 
many times the dollar sign has proved to be 
an unworthy guidepost. In fact, at General 
Electric our work injury losses are now 
so low that any dollar savings which might 
result from a further reduction in accidents, 
would be so small in comparison to the 
expense, that it would be wiser to work 
for an economic return in other areas, if 
this were the only objective. Nevertheless, 
you should know that correlations have been 
found between good industrial safety rec- 
ords and efficient production. The most 
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exhaustive of these findings was that of the 
Committee on Safety and Production of 
the American Engineering Council. The 
Committee, in 1928, surveyed 13,898 com- 
panies and concluded: “Maximum produc- 
tivity is ordinarily reached only when the 
accident performance tends toward the ir- 
reducible minimum.” It is not probable that 
safety programming in itself has a major 
influence on optimizing productivity. But, 
the requirements for safety are so much a 
part of sound management practice that 
where one is found the other follows closely. 

A short while ago, two plants were sur- 
veyed under circumstances where safety was 
incidental to the audits. In the first, the 
lay-out of operations, the maintenance of a 
safe environment, the close supervision by 
foremen, the housekeeping in the shop, and 
the general aura of good management were 
so outstanding that we could not help but 
inquire about the scope and depth of its 
safety program. The president of the com- 
pany informed us that no formal program 
was followed. It was a relatively small 
plant approximating 700 employees and did 
not justify a safety specialist, he believed. 
He pointed out, however, that his works 
manager and each supervisor were held 
accountable to see to it that safety was 
taught as part of each employee’s job. In 
this plant, the safe way to work was con- 
sidered the correct way and was believed 
to be necessary in order to achieve a high 
quality and productive effort. We asked 
about the accident rates. For the past five 
years the plant, engaged in heavy machining 
work, experienced a phenomenally low in- 
jury frequency rate. 

Immediately afterward, the second plant 
was surveyed. This was the opposite in 
every way to the first, and the possibility for 
making a comparison occurred to us. The 
same type of work was being done with 
the same number of employees drawn from 
a comparable community. Here, they had a 
safety program, however. Safety commit- 
tees met; posters were hung; safety booklets 
were distributed, and all the conventional 
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accident-prevention steps were attempted. 
But, the injury record was five and six times 
poorer than the national averages for that 
industry classification. It was obvious that 
the organized safety effort was not produc- 
tive and that it was inhibited by the faulty 
management practices so much in evidence. 
Since we knew the president of this com- 
pany personally, as we did the first, we 
asked out of curiosity if they would tell 
us their net sales figures. In each of the 
preceding five years, the first plant was as 
many as three times better in its net returns 
than the second plant. The inference is 
clear. 


We have come to believe that effective 
safety performance is just another example 
of good management performance. This no- 
tion was supported recently when we passed 
through a statistical orgy and among other 
things found a good correlation between 
departments which had the better work in- 
jury rates and fire loss rates compared with 
those which were poorest in these categories. 
It appears that the managers who are doing 
their homework will perform the best when- 
ever they are tested on their safety ex- 
perience. 


Need for Persuasive Leadership 
Increased 


The need for sound, well-organized man- 
agement effort for safety probably will in- 
crease in the years to come. A great deal is 
expected from the mechanical evolution tak- 
ing place in manufacturing. We see ahead 
a change from large employment of un- 
skilled and semiskilled labor, to relatively 
heavy employment of skilled workers as 
machines become more complex and demand 
highly qualified operators. Also, the number 
of employees in the skilled crafts doubtless 
will increase as more are needed to main- 
tain the new equipment. While this upgrad- 
ing in opportunities for people is certainly 
desirable, a safety complication might fol- 
low. We find that the skilled and pro- 
fessional employee, because he has depth of 
knowledge and is so confident of his ability, 
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often is too sure of being able to keep safe. 
Frequently, therefore, he may ignore the 
recommended safe practice and take risks 
which he assumes are safe, because he 
“knows what he is doing.” The accident 
controls in such situations will depend in 
great measure on wisely persuasive leader- 
ship by supervision. 


Misunderstanding Concerning Atomic 
Energy Hazards 


The bright technological future before us 
may be clouded from time to time. There 
will be irresponsible attempts to take political 
advantage of the turmoil that will exist in 
the public’s mind because of the multitude 
of safety and technical facts and fancies 
to which it will be exposed. Even now, 
for example, there is a great misunder- 
standing concerning atomic energy hazards. 
Much of this is due to publicity statements 
made principally for ulterior purposes. The 


snide references to industry’s radiation 


health and safety activities appear to have 
more of an impact on the public than the 
facts about industry’s generally intensive, 


alert, and successful programs for the pro- 
tection of employees and the public from 
atomic energy hazards. The public does 
not seem to know that at General Electric, 
as well as in other companies, every precau- 
tion has been taken from the very start to 
make certain that the most vigorous health 
and safety measures are applied. The 
records of the atomic products plants are 
remarkable testimonials to the health and 
safety accomplishments resulting from this 
interest. 

Although we certainly do not want to de- 
emphasize the degree of importance of 
atomic energy hazards, the industry prob- 
lems attendant on this new development 
would be lessened considerably if wild state- 
ments and accusations were not made. The 
objectives of these publicity efforts seem 
clear. Aside from an implied interest in 
health and safety, is the desire to secure 
hazard pay bonuses for workers who may 
be exposed to radiation sources. 
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rent expectations are to bring the cauldron 
of uncertainty to the boiling point and se- 
cure Federalization of workmen’s compen- 
sation insurance and supervisory control 
of operations involving radioactive materials. 

“The old order changeth yielding place to 
new,” said Tennyson. We can see that his 
poetical philosophy is applicable to what is 
taking place in safety. 


Proposed Legislation Relocates 
Safety Leadership 

In the short span of a little more than 40 
years, the safety movement, which grew out 
of a generous interest in people and became 
an outstanding industrial accomplishment, 
appears to be becoming an instrument for 
those who have selfish purposes. In spite 
of the significant and continuing safety 
progress of industry, there have been intro- 
duced in Congress, each year for the past 
few years, bills which are directed in one 
way or another to relocate the mantle of 
safety leadership. The purpose of such 
proposed legislation, of course, is to ac- 
complish more in safety, and each is in- 
tended to wipe out some safety shadows 
which we all are aware of. But shadow 
owes its birth to light. It seems that there 
is little awareness that industry has il- 
lumined, through its successes, the gray areas 
that others may identify today. 

The retention of the spirit and fact of 
industrial safety leadership, it seems to me, 
requires that we rely less on the conventional 
types of safety activity. We may be ortho- 
dox as the devil and just as wrong, in the 
eyes of an accuser. We must seek to ad- 
vance safety engineering as a profession, 
improve our measures for safety perform- 
ance, integrate safety more closely with 
management functions, and proudly com- 
municate our efforts and achievements to 
the public. 

This we, who are a part of industry, must 
do. Our happiness grows at our firesides. 
It cannot be plucked from a neighbor’s gar- 
den. 
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Industrial Medical Problems in an Electronic Research 
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In this era of uneasy peace, the main- 
tenance of qualitative air supremacy offers 
to our nation the best assurance of preserv- 
ing the integrity of our way of life. The 
maintenance of this qualitative air super- 
iority is dependent upon technological prog- 
ress in the many diverse fields necessary 
to support advanced weapons systems. This 
technological effort spreads across virtually 
all segments of the broad spectrum of scien- 
tific endeavor. 

Important in this spectrum of accelerated 
scientific development is the field of elec- 
tronics as applied to problems in communi- 
cations, navigation, and detection. A most 
important consideration in this field is the 
trend toward ever-increasing power output 
in the radar equipment designed to meet the 
requirements of weapons systems of the 
immediate future. Radar equipment in use 
today is dwarfed by the equipment of the 
foreseeable future. We can expect to see 
within the next few years radar sets pro- 
ducing peak power outputs as high as 100 
megawatts (100,000,000 watts) with aver- 
age power reaching the staggering level of 
1000 kilowatts (1,000,000 watts). The pro- 
duction of these vast amounts of power 
brings with it vitally important considera- 
tions to those of us concerned with the 
practice of industrial medicine. New fron- 
tiers of biological effects are being probed, 
and in other instances well-known industrial 
medical problems are being encountered in 
new and strange environments. 

It is with certain of these industrial medi- 
cal problems peculiar to electronic research 
and its industrial counterpart that we will 
concern ourselves today. Let me remind you 
that they are problems and will probably 


remain problems until our research program 
has been completed. I want to make it clear 
that I do not come before you with any 
startling or remarkable information but 
rather propose to share my problems with 
you. Because of the limited time alloted to 
the presentation of this material, it would 
appear wise to restrict our discussion to the 
graver aspects of the over-all problem. In 
consequence, we will concern ourselves with 
the medical problems generated by the pro- 
duction of spurious ionizing radiation? in- 
cident to the operation of high-power 
electron tubes and a consideration of the 
relatively unknown field of the possible bio- 
logical effects of exposure to microwave 
radiation. We will attempt to outline the 
scope of the problem in each case and then 
suggest certain precautionary measures 
which may be employed in an effort to pre- 
clude injury to personnel who might be 
exposed to appreciable levels of either form 
of energy. 


The Problem of Exposure to X-Radiation 


First, let us consider the problem of 
exposure to harmful levels of x-radiation. 
If we will bear in mind that 400 r has been 
established as the maximum permissible life- 
time exposure level for man, we can im- 
mediately grasp the seriousness of this 
problem when it is stated that tubes, par- 
ticularly klystrons, now in the Air Force 
inventory, have been determined to produce, 
in the unshielded state, as much as 200 r per 
hour of x-radiation. It might be added here 
that preliminary measurements have recently 
been made on a newer and more powerful 
tube soon to be added to the Air Force 
inventory, which indicates it to have an 
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x-ray output in the order of 500 r per 
minute. 


Of concern to us in evaluating this prob- 
lem is the fact that this radiation has an 
extremely high level of effective energy. 
This is brought about by the fact that this 
radiation passes through the metal wall of 
the tube which effectively filters out the 
soft radiation of less biological significance. 
Thus, the measured x-radiation output of 
this type of tube has a relative biological 
effectiveness about double that of a standard 
x-ray tube operating at the same potential. 
Of course, secondary emissions set up in 
the wall of the tube and in the shielding 
complicate our problem of measurement. 
Then, too, it should be remembered that the 
input potential to these tubes is pulsed, and 
consequently the x-ray output is also pulsed 
and such pulses may be in the order of a 
few microseconds in duration. 

These factors may account for some or 
all of the wide discrepancies we are seeing 
between film and ion chamber measurements 


of the x-radiation output of our higher- 


powered tubes. This problem of instru- 
mentation we have felt to be a serious one 
and one which demands immediate attention. 
We feel that this discrepancy may result 
from, first, an inability of available film 
to cope with the very wide energy spectrum 
involved in the operation of these tubes, or, 
second, the limits of existing film emulsions 
as to reaction time when exposed to these 
extremely short bursts of energy. While 
either or both of the above factors may 
play a part in the development of this 
discrepancy, we are of the opinion that in all 
probability, the techniques utilized in the 
calibration of the standard against which our 
film samples are evaluated, will prove to be 
the source of most of the error. The East- 
man Kodak Company is assisting us in 
solving this problem, and we hope to have 
an answer in the very near future. At the 
present time, we are relying on ion cham- 
bers for our measurements. 
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Necessary Control Measures 


The medical aspects of the problem of 
exposure to harmful levels of ionizing radi- 
ation are reasonably well understood. It 
remains for us to concern ourselves with 
the institution of necessary control measures 
to minimize such exposures. This effort 
begins on the drawing board when the tube 
is in its earliest planning stage. Here con- 
sideration is given to the predicted x-ray 
output of the tube and required shielding 
which must be incorporated in the design 
criteria. The health physicist working in 
close cooperation with the tube design en- 
gineer endeavors to foresee the maintenance 
and operating situations which must be pro- 
vided for in the shielding to be made part 
of the tube design. Instructions for operat- 
ing personnel must be formulated which are 
aimed at reducing the risk incident to neces- 
sary maintenance and operating procedures 
in the hands of personnel in the field. 

Eventually, this tube takes shape in the 
development laboratory. Here an entirely 
different situation exists. Test and evalua- 
tion procedures often do not permit utiliza- 
tion of. adequate shielding as part of the 
tube. Other means must be provided to pro- 
tect research and development personnel. To 
attain the desired level of protection, certain 
precautionary measures have been adopted. 
Based on the established maximum allow- 
able exposure level of 0.3 r per week, and 
considering the probable duration of ex- 
posure to be the standard 40-hour laboratory 
week, an area monitoring program has been 
instituted to insure that the ambient energy 
level does not exceed 7.5 mr per hour. All 
areas where personnel might be exposed to 
one quarter of the maximum allowable ex- 
posure level or 75 mr per week are identi- 
fied as radiation hazardous areas by means 
of appropriate posters.? Personnel permitted 
in these areas are held to an absolute min- 
imum consistent with the accomplishment of 
essential procedures. All personnel em- 
ployed in areas identified as being radiation 
hazardous areas are required to wear film 
badges at all times when in these areas. 
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Shielded lead rooms are provided for the 
test and evaluation of the larger tubes while 
portable lead shields are employed for pro- 
tection when lower power tubes are under- 
going test. The effectiveness of such 
portable shielding is critically surveyed at 
the beginning, and periodically during the 
progress of each test program. A continu- 
ing educational program serves to maintain a 
state of awareness of the problem among 
personnel engaged in this work. 


It should be stated in passing that all 
oscillating tubes employing a plate voltage 
in excess of 20 kv. are to be considered 
as potential producers of x-radiation. The 
ionizing radiation output of such tubes, 
while of a low order of biological effective- 
ness, still must be viewed critically in the 
light of our present-day concept of the 
production of chronic and genetic effects as 
a result of exposure to ionizing radiation. 
Shielding of such tubes is easy of accom- 
plishment and should be mandatory, espe- 
cially since many of these tubes are to be 
found in various pieces of laboratory test 
equipment used on the work bench in close 
proximity to personnel throughout the lab- 
oratory work week. No source of ionizing 
radiation can safely be ignored. 


Biological Effects of Microwave 
Radiation 

The problem of the biological effects of 
microwave radiation is not nearly so well 
understood as is that of ionizing radiation.*® 
In the past, the microwave generators in 
use have not been of sufficient power to 
make the production of biological effects 
appear to be a very real possibility. Not so 
with the equipment of the foreseeable fu- 
ture. Perhaps for the purpose of defining 
the specific area under discussion, it should 
be stated that it is felt wise to include in 
our discussion all of the electromagnetic 
spectrum from 10 megacycles per second 
up to 60,000 or 70,000 megacycles per 
second. In this broad frequency range, we 
can foresee power levels which of a cer- 
tainty could be of biological significance. 
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No small part of our concern here gener- 
ates from an increasing state of awareness 
of the possibility of personnel hazard in 
this area, on the part of the public as well 
as personnel engaged in work with high- 
power electronic equipment. The average 
citizen today is kept conscious of the 
existence of this problem by many and 
diverse means. He is reminded of such 
modern innovations as traffic control radar, 
and weather radar in commercial aircraft. 
Movies are built around the mysterious cap- 
abilities of fantastic ray generators. The 
imagination of the growing generation is 
stimulated by comic books portraying the 
spectacular effects produced by any one of 
an array of ray guns. When all of this is 
coupled with a tendency to confuse ionizing 
radiation with nonionizing radiatiom on the 
part of the average citizen, it is not remark- 
able that there is a growing widespread con- 
cern over the possible biological effects of 
microwave radiation. It is to be expected 
that minds so conditioned would be eager 
receptors of spurious reports of injury or 
death resulting from exposure to radar en- 
ergy which on occasion appear in the press. 
With such a background of indoctrination, 
it is not remarkable that allusion to a radar 
beam as an “invisible death ray” should have 
great popular appeal. Unfortunately, we 
find ourselves without the necessary factual 
data required to adequately discredit such 
stories. 

As has been stated previously, radar 
equipment is just now reaching power levels 
where biological effects must be seriously 
considered. In the Air Force, we know of 
no death or serious injury which can be 
properly attributed to exposure to radar 
energy. A few weeks ago, the press carried 
an article which quoted me. This article 
cited two servicemen who were mysteriously 
cooked by exposure to radar in close quar- 
ters. I have no knowledge of such an 
incident. I am quite certain that had such 
an incident occurred, it would have been 
brought to my attention promptly. I repeat, 
in the Air Force we know of no death or 
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serious injury which can be properly at- 
tributed to exposure to radar energy. I 
would like to fix that in your minds in the 
hope that it may in some small way serve to 
offset these stories which from time to time 
appear in the press. This fact, however, 
must not be allowed to form a screen which 
will blind us to the biological possibilities 
inherent in the power levels of equipment 
now in the process of development. The 
seriousness of this problem has been recog- 
nized, and certain steps have been taken to 
acquire the necessary data. Interim precau- 
tionary measures® have been instituted in 
an effort to minimize the possibility of in- 
jury to our people, pending the acquisition 
of the factual data upon which a scientifically 


sound industrial medical program may be 
built. 


Research to Develop Factual Data 


First, a comprehensive program of re- 
search, utilizing competent university groups 
of investigators, has been instituted. There 
is considerable evidence to support the 
premise that the ability of this energy to 
penetrate living tissue is frequently depend- 
ent. We obviously cannot fully investigate 
each frequency in use today. This program 
will sample the frequency spectrum of in- 
terest at selected points.’ It will consist 
initially of whole-body exposure of animals, 
at each frequency selected, to varying power 
levels, on both an acute and chronic ex- 
posure basis, to both pulsed and continuous 
wave forms of this energy. Should an effect 
other than the predictable thermal phenom- 
ena be identified at any point in this initial 
phase, the research effort will be expanded 
in an attempt to explore the areas of possible 
subtle mechanisms, such as the production 
of molecular resonance, liberation of free 
radicals, or the interruption of enzyme 
chains. 

The problem of stress upon stress, such 
as might be occasioned by an exposure to 
both ionizing and nonionizing radiation, will 
be explored. To this basic comprehensive 
research structure, we have added somewhat 
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accelerated efforts in three areas of special 
interest, namely, the eye, the brain, and the 
hollow viscera. On the basis of such data 
as are available in the literature, we feel 
that these three areas may prove to be 
likely sources of valuable information and 
might provide information early which 
would be of great assistance to the investi- 
gators engaged in the more comprehensive 
work. 


Interim Precautionary Measures 


Pending the accomplishment of this 
research program, it has been deemed neces- 
sary to institute certain interim precaution- 
ary measures designed to afford an 
acceptable degree of protection for person- 
nel who might be exposed to appreciable 
levels of microwave energy. A careful study 
of such research as has been accomplished 
in this area indicates that the lowest power 
density above which a biological effect might 
be expected to occur is 0.1 w/cm*. Recog- 
nizing the possibility that all incidental fre- 
quencies of this energy found in any specific 
environment might be additive we have ap- 
plied a factor of safety of 10 to this pre- 
dicted level of biological significance, and 
therefore have established a maximum al- 
lowable ambient power level of 0.01 w/cm?. 

Our interest in the establishment of this 
proposed safe exposure level was greatly 
stimulated by the fact that certain other 
agencies. concerned with this problem had 
sponsored safe exposure levels which we 
felt were not realistic. Since no information 
is available which permits an_ intelligent 
comparison of acute and chronic effects, no 
point in time has been considered as valid. 
For the present, we consider any exposure, 
for any length of time, above 0.01 w/cm* 
as hazardous. In the laboratories, the prac- 
tice of air-loading high-power microwave 
generators has been discontinued. For such 
test operations, the use of a water load or 
dummy load is mandatory. The practice of 
directing the beam of a radar set toward 
an inhabited area is prohibited, when the 
nature of a test procedure requires free 
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space radiation. Areas where personnel may 
be exposed to power density levels above 
0.01 w/cm? are properly identified by ap- 
propriate posters, and personnel permitted 
access to these areas are kept to an absolute 
minimum. By the adoption of these meas- 
ures, we hope to minimize the risk of per- 
sonal injury while we await the outcome 
of the research now in progress. 

With this background on what we feel to 
be a sound program of protection, let me 
try to answer another question which is 
asked repeatedly. There is no real reason 
for concern about exposure of the popula- 
tion of civilian communities adjacent to even 
our highest-powered radar installations. The 
highest-powered set we have does not ap- 
proach the safe 0.01 w/cm? level beyond 
a distance of 500 ft. in front of the antenna. 
Then too, it must be remembered that these 
antennas are located on towers well above 
the ground, and that to be effective the 
beams must have some angle of tilt upward, 
thus greatly minimizing the possibility that 
an individual might be exposed to any ap- 
preciable level of power. Our concern is 
with equipment to come, not with what 
we have today. Basically, our concern is 
with our own operating and maintenance 
personnel who have to accomplish certain 
tasks in the immediate vicinity of the equip- 
ment. The protection of civilian communi- 
ties will be provided by properly locating 
the installations using this high-powered 
equipment. 


Cumulative Effects 


We have just received from one investi- 
gator information which points directly to 
the production of cumulative effects by ex- 
posure to repeated subthreshold doses of 
this energy.* Of course, the power density 
used in accomplishing these experiments is 
several orders of magnitude greater than 
the highest level which can be produced by 
an operational piece of equipment today. 
However, this is startling information, and, 
if further investigation confirms this suspi- 
cion, we may be forced to reconsider our 
maximum safe exposure level. This 
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in- 


formation comes to us from an outstanding 
group of investigators studying the effects 
of exposure of the crystalline lens of the 
eye of the rabbit to microwave energy. 
They have established a threshold for lens 
changes with their energy source to be an 
exposure of six minutes’ duration. Next, 
they exposed a number of animals to this 
energy level for five minutes and observed 
these animals for a sufficiently long time to 
appear to establish the fact that single ex- 
posures for five minutes produce no change 
in the lens of the eye. They next exposed 
animals for five minutes on alternate days 
for a total of five exposures. These animals 
have exhibited lens changes characteristic of 
longer-term single exposures. This pro- 
cedure was next repeated using four-minute 
exposures. Here again, a significant num- 
ber of animals displayed changes charac- 
teristic of longer-term single exposures. 
This was next repeated, reducing the ex- 
posure time to three minutes. This group 
of animals demonstrated no change in any 
case. 


This would appear to evidence the pro- 
duction of a cumulative effect which has 
not been previously demonstrated. While 
it is most likely that this effect rests upon 
a thermal basis, the very fact that repeated 
doses can produce an effect not manifested 
by a single identical exposure is significant. 
Certainly one is alerted to the fact that there 
may be a thermally induced change which 
is not the result of simple heating. This 
premise is not established. Many more ex- 
posures must be accomplished and the histo- 
pathology of these changes carefully studied. 
From a practical point of view, however, 
we are faced with a realization that we may 
be forced to integrate the exposures of our 
people in order to assure freedom from 
harmful results. It is also significant that 
the gap between the power density produced 
by our newer equipment and that at which 
significant biological change occurs is stead- 
ily growing narrower. We must further 


explore this possibility of cumulative ef- 
fects without delay. 


387 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Infrared and Ultraviolet Radiation 


Other forms of electromagnetic energy 
such as infrared and ultraviolet radiation 
present problems of less importance in an 
electronic research center. Time does not 
permit a discussion of these areas of con- 
cern. Let it suffice to say that the existence 
of potential hazards in these areas is recog- 
nized, and at present an exhaustive survey 
is in progress to determine whether or not 
a need exists for further research and the 
establishment of control measures, similar 
to those described above in connection with 
the microwave area of the spectrum. 


New Toxic Hazards Possible 


In conclusion, it might be well to add a 
note of caution, particularly as regards the 
field of chemical toxicology. The introduc- 
tion of high-intensity power fields on such 
a widespread basis has forced development 
engineers to search diligently for materials 
suitable for use in new equipment. Fre- 
quently, a substance about which a great 
deal is known is selected on the basis of 
the data available regarding its characteris- 
tics in an accepted and familiar set of 
parameters. Experience is teaching us that 
in the more exotic environments found in 
connection with high-intensity electrical fields 
many of these substances display new prop- 
erties and characteristics which can pose 
health hazards not normally associated with 


the use of such material. It is essential 
that a constant state of alertness be main- 
tained to detect untoward behavior on the 
part of such materials as may be subjected 
to previously unexplored stresses. 


Griffiss Air Force Base Hospital. 
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Advances in the Chemotherapy of Infection 


ABRAHAM I. BRAUDE, M.D., Pittsburgh 


The development of chemotherapy in in- 
fectious diseases can be divided into three 
periods. 


1. Early Empiricism 

The first period extends from ancient 
times until 1929. Accidental discoveries led 
to the use of drugs that were clinically ef- 
fective but possessed no demonstrable action 
against the microbe in vitro. The outstand- 
ing examples of these agents are quinine— 
used successfully to treat malaria—and 
emetine—an effective remedy for many cases 
of amebiasis. The effectiveness of these 
drugs remains unexplained to this day, but 
there are two possibilities: (a) They were 
converted to antimicrobial substances by 
metabolic processes in the host in the same 
way that Prontosil-red (4’-sulfamyl-2,4-di- 
aminoazobenzene hydrochloride) was split in 
vivo from an inactive compound to one that 
killed the Streptococcus. (>) They blocked 
the harmful action of the microbe on the 
host. 


2. Specific Antimicrobial Chemotherapy 


The second period is approximately 30 
years old and commences with Fleming’s 
observation on the inhibition of staphylo- 
cocci by a product from a mold of the genus 
He called the broth in which 
this antibacterial product was secreted peni- 
cillin. After purification, penicillin became 
the first of the specific antimicrobial agents 
available for human use, and it remains the 
most spectacular and consistently effective 
of all specific chemotherapeutics used in 
With the exception of certain 
staphylococci, none of the bacterial strains 
originally susceptible to destruction by peni- 
cillin have become resistant. It can now be 


Penicillium. 


infections. 


said that penicillin is permanently available 
for cure of nearly all cases of lobar pneu- 
monia, septic sore throat, meningitis, bac- 
terial endocarditis, syphilis, gonorrhea, and 
puerperal sepsis. While newer antibiotics 
(tetracyclines, chloramphenicol, polymyxin 
B, streptomycin, erythromycin, novobiocin) 
have increased the range of therapeutic pos- 
sibilities, none can compare with penicillin 
with respect to bactericidal effectiveness and 
freedom from unpleasantness or dangerous 
effects. Penicillin can be given intravenous- 
ly in daily doses of 40 gm. with no harm 
to the patient and can produce concentra- 
tions in the body fluids which have never 
been approached by any other antibiotic 
given to man. Its only limitation is the 
occurrence of penicillin allergy in those per- 
sons given large repeated doses of penicillin 
without discretion. 


3. Modern Empiricism 


The present decade has been marked by a 
return to the use of drugs whose value in 
human infections cannot be accounted for 
on the basis of any demonstrable antimicro- 
bial action. Their development stems from 
the observation of Hench that adrenocorti- 
cotrophic hormone and adrenal steroids 
suppressed the inflammatory changes of 
rheumatic fever; and they have now been 
used in the absence of antibiotics with dra- 
matic success for the treatment of such 
infections as typhoid fever, mumps, pneu- 
monia, postinfectious encephalitis, and 
trichinosis. They appear to block the harm- 
ful actions of the infectious agent until it 
is suppressed or destroyed by immune 
mechanisms. 


University of Pittsburgh School of Medicine 
(13). 
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Mellitus 


1. ARTHUR MIRSKY, M.D., Pittsburgh 


The demonstration that the metabolic 
derangement of diabetes mellitus in man can 
be corrected by the injection of insulin? 
led to many attempts to find a substitute 
which would be effective when taken by 
mouth. Hundreds of such substitutes have 
been proposed during the past 30 years, only 
to prove ineffective when subjected to ade- 
quate clinical trial. Some agents that did 
reduce the hyperglycemia and glycosuria 
of the patient with diabetes proved to do so 
through a toxic action on the liver. More 
recently, however, agents have become avail- 
able which are not only effective by mouth 
but appear to have little or no toxic actions. 

In 1942, during the course of studies on 
the therapeutic effect of the isopropylthio- 
diazole derivative of sulfanilamide in ty- 
phoid fever, Janbon and his colleagues? 
noted that this compound produced signs 
and symptoms of hypoglycemia with which 
was associated a decrease in the blood sugar 
concentration. Subsequently, Loubatiéres 
and others? established that the hypogly- 
cemic action of this compound in dogs and 
rabbits occurs only in the presence of more 
than from “4g to 14 of the pancreas; that 
the compound acts directly upon the islets 
of Langerhans to stimulate the secretion of 
insulin; that the hypoglycemic response is 
associated with other changes that can be 
attributed to the action of insulin; that the 
sulfonamide group in the molecule is indis- 
pensable to the hypoglycemic action, and 
that, whereas the methyl, ethyl, hexyl, or 
heptyl derivatives are inactive, the propyl, 
isopropyl, butyl, isobutyl, tertiary butyl, 
amyl, and ethyl-propyl derivatives are active. 
In accord with these conclusions were the 
observations of Chen, Anderson, and Maze ® 
that a cyclopropyl derivative produces hypo- 
glycemia in normal but not in alloxanized 
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Drugs Effective Orally in the Treatment of Diabetes 


rabbits. Similar observations were made 
by LaBarre and Reuse.’ 

Although Loubatiéres discussed the pos- 
sible use of the sulfanilamide derivatives in 
the treatment of patients with diabetes mel- 
litus, no clinical trials were reported until 
October, 1955. At that time Franke and 
Fuchs,’ Achelis and Hardebeck,® and Bert- 
ram, Bendfeldt, and Otto’ described the 
hypoglycemic action in animal and man of 
a new sulfonamide derivative, carbutamide 
(1-butyl-3-sulfanilylurea; BZ-55). Shortly 
thereafter the Farbwerke Hoechst made 
available another derivative, tolbutamide 
(1-b ut y 1-3-p-tolylsulfonylurea; }DH-860, 
Orinase), which possesses a methyl group 
instead of the p-amino group. Franke and 
Fuchs ® and Bertram et al.’ reported that 
carbutamide was effective by mouth in re- 
ducing the blood sugar and glycosuria of 
elderly obese patients with mildly severe 
diabetes. Since then many studies on the 
action of these compounds have been re- 
ported in various 


Clinical Effects and Mechanism of Action 
of Tolbutamide 


It soon became apparent that tolbutamide 
is not only more effective as an oral hypo- 
glycemic agent in animals’® but that it 
produces fewer side-reactions and toxic ef- 
fects than does carbutamide. Consequently, 
the studies reviewed herein are confined to 
the clinical effects and mechanism of action 
of tolbutamide. 

The hypoglycemic response of the healthy 
animal or man to the administration of a 
single dose of tolbutamide is divisible into 
two phases: (a) an initial phase lasting less 
than one hour during which a maximum 
decrease in the blood sugar concentration 
occurs, and (b) a subsequent phase of resti- 
tution lasting a variable period of time dur- 
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ing which the blood sugar is gradually 
restored to its initial concentration. With 
an oral dosage of less than 50 mg. of tolbu- 
tamide per kilogram of body weight, both 
phases of the response are dependent upon 
the dosage. Larger dosages, however, do 
not increase the initial phase but may pro- 
long the rate at which the blood sugar 
concentration is restored to its initial level.?7 
Neither the sex nor the age of the subject 
influences the hypoglycemic response.'® 

The blood sugar response of patients with 
diabetes mellitus to a single standard oral 
dose of 50 mg. tolbutamide per kilogram 
body weight varies from a statistically sig- 
nificant increase to a pronounced decrease 
by the end of five hours. Some patients 
show even greater hypoglycemic responses 
than are observed among nondiabetic sub- 
jects. Comparison of the effect of tolbuta- 
mide in nondiabetic and diabetic groups of 
subjects reveals that, whereas the former 
develop a maximum hypoglycemia within 
one hour, the responsive patients with dia- 
betes mellitus show a progressive decrease 
in the blood sugar to levels, which by the 
end of five hours are even lower than those 
observed in the nondiabetic group. There 
is no difference, however, between the max- 
imum hypoglycemic response attained in one 
hour by the nondiabetic group and that at- 
tained in five hours by the responsive dia- 
betic group. 

The patients who comprise the nonrespon- 
sive group differ from those who comprise 
the responsive group in that they are 
younger, have developed their diabetes rela- 
tively earlier in life, have had the syndrome 
for a longer time, require larger quantities 
of insulin daily for maintenance, and have 
a higher fasting blood sugar at the time of 
study. Analysis of all the available criteria 
which may influence the response to tolbu- 
tamide suggests that the age at which the 
diabetic syndrome becomes clinically appar- 
ent is the most significant single factor 
which determines the hypoglycemic response 
of patients with diabetes; with an increase 
in the age of onset, there is an increase in 
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the hypoglycemic response to the tolbuta- 
mide. Whereas only 30% of those who 
developed diabetes by the age of 20 years 
show hypoglycemic responses which are in 
the range of those of nondiabetic subjects, 
92% of the patients who developed diabetes 
after 40 years of age show such responses. 

A significant influence is exerted also by 
the length of time that the patient has had 
the metabolic derangement, but principally 
in those who developed the syndrome before 
20 years of age. With an increase in the 
duration of the diabetes, there is a signifi- 
cant decrease in the hypoglycemic response 
of those who developed their diabetic syn- 
drome before the age of 20 years. Contrary 
to the claims of others, we have noted no 
influence of body weight on the response 
to tolbutamide. 


Distinction Between Growth Onset and 
Maturity Onset 


Wrenshall et al.!® make a distinction be- 
tween “growth-onset” and “maturity-onset” 
types of diabetes mellitus. The “growth- 
onset” type of patients represent those who 
developed diabetes before the age of 20 
years and the “maturity-onset” type those 
who developed the syndrome after that age. 
It is in the subjects who developed diabetes 
early in life that Wrenshall finds very low 
concentrations of extractable insulin in the 
pancreas, i.e., less than 10% of that found 
in nondiabetic controls. The average con- 
centration of extractable insulin in the pan- 
creas of patients with “maturity-onset” type 
of diabetes, however, is about 50% of non- 
diabetic subjects. As in the response to 
tolbutamide, the concentration of extractable 
insulin in the pancreas of the “growth- 
onset” type of diabetes is influenced by the 
duration of the syndrome. These and other 
considerations make it apparent that it is 
the “growth-onset” type of diabetic that is 
nonresponsive to tolbutamide while the 
“maturity-onset” type is usually quite re- 
sponsive. 

It is pertinent to note that whereas the 
diabetic syndrome becomes apparent in the 
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alloxanized rat, the partially depancreatized 
dog, and the growth-hormone-treated dog 
when the amount of extractable insulin in 
the pancreas falls to less than 10% of that 
found in normal animals, the quantity of 
extractable insulin from the pancreas of 
most patients with diabetes exceeds that 
concentration.1® Since less than 10% of 
the patients with diabetes develop the syn- 
drome before the age of 20, it may be con- 
cluded that over 90% of patients have more 
insulin than the minimum essential to the 
development of diabetes. 

The precise mechanism whereby the sul- 
fonylureas exert their hypoglycemic ac- 
tion is still unknown. There is general 
agreement that destruction or removal of 
the beta cells of the pancreas prevents the 
hypoglycemic response to the aryl sulfonyl- 
ureas in man,?°?? rab- 
bit,*?> and toad.** Ducks and chickens, 
however, develop the same hypoglycemic re- 
sponse in the presence or absence of the 
pancreas. Thus, in all species, except the 
fowl, the hypoglycemic response to tolbu- 
tamide cannot be due to an_ insulin-inde- 
pendent action on some glycogenic or 
glycogenolytic mechanism since such could 
occur also in the absence of the pancreas. 
All the available evidence indicates that the 
initial phase of the hypoglycemic response 
of most species is dependent upon the direct 
stimulation of the beta cells and the dis- 
charge of insulin into the circulation from 
pancreatic 

In accord with the hypothesis that the 
initial phase of the hypoglycemic response 
to the sulfonylureas is dependent upon the 
discharge of insulin from pancreatic stores 
is the demonstration that a significant re- 
sponse can be produced in the hepatec- 
tomized rat,?’ that infusion of sulfonylureas 
directly into the pancreatic artery results 
in a hypoglycemic response even with dos- 
ages which are ineffective when injected 
into the peripheral circulation,?* that in 
cross-circulation experiments, blood from 
the pancreatic but not from the mesenteric 
vein of a sulfonylurea-treated donor pro- 
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duces a decrease in the blood sugar of the 
recipient animal,?® and that factors which 
reduce the concentration of extractable in- 
sulin in the pancreas also result in a de- 
crease in the degree and rapidity with which 
the hypoglycemia develops. Thus, the daily 
administration of from 2 to 3.5 mg. of 
growth hormone per kilogram of body 
weight to dogs for six to eight days results in 
an extensive degranulation of the beta cells 
of the islets of Langerhans and a reduction 
in the concentration of extractable insulin in 
the pancreas *'; this may occur even before 
the development of hyperglycemia. The 
same treatment prevents the initial rapid 
hypoglycemic phase which otherwise occurs 
in the dog given tolbutamide by mouth.*? 
Similarly, fasting, which results in a de- 
crease in the amount of insulin that is 
extractable from the pancreas results also 
in a decrease in the hypoglycemic response 
to tolbutamide by mouth. The decreased 
response of the fasted rat is not due to a 
resistance to the action of 


insulin since 


similarly fasted rats show an_ increased 


response to a standard dose of exogenous 
insulin.*® Further, whereas the severely dia- 
betic alloxanized rat or rabbit does not 
respond to tolbutamide, the mild or mod- 
erately severe diabetic alloxanized rat or 
rabbit responds with a gradual decrease in 
the blood sugar concentration rather than 
with the rapid initial phase observed in the 
normal animal. Finally, the majority of 
patients who develop diabetes mellitus after 
the age of 40 years (“‘maturity-onset”’ type) 
and presumably have significant, though 
diminished, concentrations of extractable 
insulin in the pancreas, respond to the tol- 
butamide by mouth with a slow progressive 
decrease in the blood sugar concentration 
rather than with the rapidly developing ini- 
tial phase observed in healthy subjects. In 
contrast, the “growth-onset” type of patient, 
in whom concentration of insulin in the pan- 
creas is less than 10%, shows a minimal 
hypoglycemic response, a hyperglycemic re- 
sponse, or no response at all. 
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A rapid discharge of insulin from the 
pancreas into the circulation, however, can- 
not account for the restitution phase of the 
hypoglycemic response to the sulfonylureas. 
Thus, in healthy subjects the intravenous 
injection of 0.1 unit insulin per kilogram 
of body weight produces the same imme- 
diate response in the blood sugar concentra- 
tion as occurs after the ingestion of 50 mg. 
tolbutamide per kilogram body weight. In 
both instances the same degree of hypo- 
glycemia is attained in approximately 30 
minutes. Thereafter, however, the responses 
differ markedly in that the blood sugar 
returns to the range of the initial concen- 
tration within two hours after the insulin, 
while it remains significantly below the in- 
itial concentration at five hours after the 
tolbutamide. 


Difference Between Response to 
Exogenous Insulin and Tolbutamide 
The difference between the response to 

exogenous insulin and the response to tolbu- 
tamide can be attributed in part at least to 
a decrease in the rate of destruction of the 
insulin which is discharged into the circula- 
tion. Such a decrease would ensue if tolbu- 
tamide inhibited the destruction of insulin 
by insulinase, the enzyme which catalyzes 
such destruction. That insulinase can be 
inhibited in vitro and in vivo by the sul- 
fonylureas has been demonstrated. Thus, 
there is a marked reduction in the insulinase 
activity of the livers of rats in one hour 
after the administration by mouth of dos- 
ages of tolbutamide which induce hypo- 
glycemic responses.** It is pertinent to note 
that the reduction in the insulinase activity 
of the liver occurs at about the beginning 
of the restitution phase of the hypoglycemic 
response. In accord with the in vivo studies 
is the observation that the insulinase activity 
of a fresh standard extract of rat liver is 
inhibited in vitro by concentrations which 
are within the range of those found in the 
circulation in an hour after the administra- 
tion of tolbutamide in doses which produce 
hypoglycemia.*° 
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If a decrease in the rate of destruction 
of insulin is involved in the hypoglycemic 
action of the sulfonylureas, then the admin- 
istration of tolbutamide should induce a 
decrease in the insulin requirements of the 
completely depancreatized dog and an en- 
hancement of the hypoglycemic action of 
exogenous insulin. Such a decrease in in- 
sulin requirements does occur when sul- 
fonylureas are administered at the same 
time.** Although it has been claimed that 
the sulfonylureas do not enhance the hypo- 
glycemic action of exogenous insulin in the 
depancreatized dog, Houssay has provided 
a decisive demonstration that such an en- 
hancement can be produced.*7 Our own 
studies also reveal an increased response to 
the action of insulin when tolbutamide is 
administered to dogs. Likewise, an enhance- 
ment of the hypoglycemic action of exogen- 
ous insulin can be demonstrated in patients 
with diabetes mellitus who do not respond 
to the sulfonylureas alone.** Whereas the 
hypoglycemic response to the intravenous 
injection of a standard dose of insulin is 
essentially the same when a second dose is 
given four hours after the first, a marked 
enhancement of the response ensues if the 
second dose of insulin is preceded by the 
ingestion of tolbutamide. 

From the preceding it appears probable 
that the initial hypoglycemic response to 
tolbutamide is due to stimulation of the 
beta cells of the islets of Langerhans and 
the discharge of insulin into the circulation, 
while the prolongation of the hypoglycemia 
is due, in part at least, to an inhibition of 
insulinase and a consequent decrease in the 
destruction of the endogenous insulin. This 
hypothesis does not preclude the possibility 
that additional mechanisms which result in 
an inhibition of hepatic glycogenolysis, e. g., 
inhibition of phosphorylase, inhibition of 
glucose-6-phosphatase, may be involved in 
the production of both phases of the hypo- 
glycemic response to the sulfonylureas. In- 
deed, such additional mechanisms must be 
affected in the chicken and duck, where the 
hypoglycemic response to tolbutamide is 
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independent of the presence of the pan- 
creas.** 


In opposition to the hypothesis that the 
hypoglycemic response to the sulfonylureas 
is due essentially to the action of endog- 
enous insulin is the observation that there 
is no associated increase in the peripheral 
utilization of glucose in man as gauged by 
an increase in the difference between the 
arterial and venous blood sugar concentra- 
tions.*4! Further, tolbutamide does not pro- 
duce a decrease in the concentration of blood 
amino acids,*? an increase in the removal 
of C-labeled glucose,** or an increase in 
the removal of pentoses ** as occurs when 
insulin is administered. These and other 
observations *° suggest that the hypoglyce- 
mic response to the sulfonylureas is due to 
a decrease in hepatic glycogenolysis. 


Discrepancies More Apparent Than Real 


The apparent discrepancy in the conclu- 
sions reached from different approaches 
may be more apparent than real. Thus the 
difference between the peripheral effects of 
tolbutamide and of insulin in the intact 
animal may be related to the manner in 
which the insulin is administered,?®** to a 
restriction of the action of endogenous in- 
sulin to the liver, since a decrease in glucose 
output occurs after the administration of 
insulin to man,** or to an interference of 
some of the actions of insulin in the 
presence of tolbutamide. A definitive de- 
scription of the mechanism whereby the 
sulfonylureas produce the hypoglycemic re- 
sponse awaits further studies. 

Irrespective of the mechanism whereby 
tolbutamide results in a decrease in the 
blood sugar concentration, it is effective in 
the treatment of patients with the “ma- 
turity-onset” type of diabetes mellitus. The 
data to date suggests that from 60% to over 
90% of patients who develop diabetes after 
the age of 40 years respond to approximate- 
ly 1 gm. of tolbutamide per day. Such facts 
suggest that even more effective chemo- 
therapeutic agents may become available in 
the future. 
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Although other agents have been shown 
to be effective in reducing the hyperglycemia 
and glycosuria of patients with diabetes, 
adequate data as to mechanism of action of 
their potential toxicity preclude their gen- 
eral application to the treatment of diabetes 
mellitus. 


3811 O’Hara St. (13). 
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AMEDEO MARRAZZI, M.D., Pittsburgh 


Close to a quarter of a million persons 
are hospitalized yearly in the United States 
for mental illness, and about one and a 
quarter billion dollars are spent yearly for 
the care of the mentally ill. This barely 
begins to outline the size of the problem 
measured in terms of social disruption and 
economic loss. The mentally sick industrial 
worker, long before he is hospitalized, is an 
emotional burden to his family as well as 
to himself. His unrest communicates itself 
to his co-workers, It reflects itself in the 
decreased quality of his work, in increased 
accident rates, and in absenteeism. Indus- 
try, like other segments of the community, 
clearly has a large stake in doing something 
about this No. 1 health problem. 

Real progress towards prevention, early 
detection, control, and cure all depend upon 
obtaining better understanding of how the 
workings of the mind go wrong and how 
drugs can help. This requires the concerted 
efforts of many medical and experimental 
skills. The financing of such projects rep- 
resents a far-sighted and very profitable in- 
vestment in human welfare and a more 
efficient economy. Research institutes, uni- 
versities, government, and industry are all 
recognizing this. 


Laboratory and Clinical Experimentation 

The recently established Veterans’ Ad- 
ministration Research Laboratories in Neu- 
ropsychiatry are one example. Here drugs 
are used as tools to understand as well as 
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to try to correct the workings of the brain 
and mind. Disturbances of brain function 
are produced chemically in experimental 
animals, analyzed, and then corrected. 
Promising leads are then tried out in man. 

To accomplish this effectively the pro- 
gram is directed toward the study of basic 
mechanisms of neural, mental, and behav- 
ioral function, and their therapeutic altera- 
tion, by means of laboratory and clinical 
experimentation in animal and man. 

For this purpose it will utilize princi- 
pally the following: (a) electrical recording 
methods in neurophysiological and neuro- 
pharmacological studies; (b) drugs as tools 
for analysis of mechanisms and for de- 
tailed comprehension of drug effects; (c) 
radioisotope tracer techniques; (d) neuro- 
chemical studies; (e) behavioral studies; 
(f) neurosurgical approaches in humans 
when otherwise clinically indicated; (gq) 
clinical neuropharmacology ; correlation 
of experimental and clinical (experimental 
psychiatry). These are reflected in the or- 
ganization and physical arrangements pic- 
tured in the floor plan (Fig. 1) of the 
laboratories. A common objective—the 
understanding of the operation of the nerv- 
ous system in health and disease, including 
the possibilities for correction, is the inte- 
grating influence for the groups of experts 
found in the Division of Neurophysiology 
and Neuropharmacology, Neurochemistry, 
Behavioral Studies, and Experimental Psy- 
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chiatry. The last-mentioned allows pilot 
and intensive studies of selected patients 
preceding more extensive trials in the 
wards of the hospital wherein the labora- 
tories are therefore located. 

In order to separate effects on the brain 
from those in the rest of the body, drugs 
can be introduced into an artery going to 
the brain, in this case the common carotid 
artery. The injected material thereby gains 
direct access to the cerebral hemisphere on 
the injected side, but on getting out into 
the general circulation becomes so diluted 
that it cannot act on the rest of the body. 
Since the brain is a communication center, 
it is possible to test it as one would test a 
switchboard, i. e., by “tapping-in” on the 
outgoing messages resulting from an in- 
coming test signal. The technique is illus- 
trated in Figure 2, which diagrams a cat 
brain as though it were transparent. It 
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Fig. 1—Veterans’ Administration Research Laboratories in Neuropsychiatry. 
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shows how a test message, which can be 
initiated on one side of the exposed brain 
of the lightly anesthetized animal, is con- 
ducted across to the other side where the 
outgoing response can then be accurately 
recorded by suitable amplifiers, cathode-ray 
oscillograph, and camera. 


Chemical Regulation of the Transmission 
of Nerve Impulses 

By studies done in this way the chemical 
regulation of the transmission of nerve im- 
pulses or messages through the brain has 
been established and it has become clear 
that control results from two groups of 
chemicals naturally found in the brain. The 
transmission processes are symbolized in 
the lower right hand part of Figure 2, 
indicating the liberation from nerve ends 
of excitatory and inhibitory chemicals and 
their diffusion across the synaptic gap to 


Fig. 2—Transparent 
model of brain. Two- 
neuron intercortical 


(transcallosal) pathway. 
Schematic blood supply 
(arterial) pathway for 
injected material. 
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act upon the post synaptic cells. One of 
these chemicals aids message transmission 
while the other hampers it, and a normal 
balance between the two is required for 
normal, healthy operation. 

This balance can be upset experimentally 
by chemicals, which then produce tempo- 
rary psychosis, and restored by drugs, 
known as tranquilizers, which offset the 
offending chemical. The chemicals that lend 
themselves to this use as tools for analysis 
of cerebral function are doubly pertinent, 
since they are, on the one hand, chemically 
related to the synaptic neurohumoral in- 
hibitors naturally present in the cat brain 
and, on the other hand, capable of pro- 
ducing transient mental disturbance (hal- 
lucinations, etc.) or so-called temporary 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


insanity in man. The fact that the potency 
of this family of chemicals, including 
mescaline, lysergic acid diethylamide (LSD 
25), and bufotenin (in order of increasing 
potency), in increasing synaptic inhibition 
and thus upsetting synaptic equilibrium in 
the cat brain, follows the same order as 
the ability to produce “model psychosis” 
in man suggests that the cat preparation is, 
indeed, useful in understanding man. This 
kind of information then leads to the setting 
up of the ultimate proof required, namely, 
experiments in man. 


Tranquilizers Aid Study of Mental 
Illness 


A very immediate use and further con- 
firmation of the relevance of this form of 


TOTAL MGM. SUPPLIED PER MONTH COMPILED BY PHARMACY 


Fig. 3.—Relation of tranquilizers to barbiturates requisitioned. 
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experiment is the data it gives on the tran- 
quilizers, a class of drugs which are of 
greatest significance in the present manage- 
ment of mental illness, because clinically 
they often relieve symptoms without sup- 
pressing normal performance of the nerv- 
ous system, The graph (Fig. 3) from the 
Pharmacy records of our hospital shows 
clearly how the demand for tranquilizers 
rapidly replaced that for the simple seda- 
tive, phenobarbital. 

If the parallelism drawn between clinical 
findings and our laboratory findings is valid, 
it would be logical to expect abnormalities 
of synaptic function induced in our ex- 
periments by psychotogens (the drugs pro- 
ducing temporary insanity in man) to be 
prevented or relieved, and this is exactly 
what happens. The tranquilizing action is 
mirrored so faithfully in this procedure, 
that we are using it to predict tranquilizing 
capacity of new drugs in man. 

Until tranquilizers became available, the 
only other means of attempting control by 
medication was by use of a depressant of 
the nervous system. In other words, the 
patient was sedated and thereby, at the ex- 
pense of normal function, he sometimes ob- 
tained partial relief of symptoms. This is 
to say, he was less disturbed because he was 
quieted down or depressed by drugs. This 
shows up in the effect on synaptic trans- 
mission where phenobarbital only reduces 
mescaline or serotonin action when it re- 
duces ordinary transmission (Table). In 
the case of the tranquilizers, such unwanted 


interference with transmission only results 


Comparison of Tranquilizers | 
Synaptic Protective and Depressive Actions 


t 
se 
Mg./Kg. Mg./Kg. Protective 


0.050 20 
0.075 5 10 
0.100 

1.0 * 


Chlorpromazine 
Promazine 


Reserpine 2 
Phenobarbital 0.75 


* vs. serotonin only. 
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from quite large doses, which are then 
toxic. In fact, ordinarily, the better the 
tranquilizer the larger is the ratio between 
depressant and protective doses, i. e., the 
safety margin. Of course, then, phenobarbi- 
tal, which is not a tranquilizer, would have 
no safety margin for this kind of use. 

Further details require elucidation. Tran- 
quilizers are not uniformly successful, nor 
are they completely interchangeable. Thus 
tranquilizers with a less desirable safety 
margin must sometimes be used because 
some cases respond to these better than to 
even large quantities of the safer ones. It 
is probable that further work will not only 
uncover better tranquilizers, but justify the 
use of the susceptibility to a particular 
tranquilizer as a means of diagnosing par- 
ticular subgroups of mental illness. 

Evidence is being obtained to show that 
abnormal amounts of brain chemicals, such 
as serotonin, or abnormal new body chemi- 
cals, which are being sought, are the cause 
of some of the mental ills in humans. There 
is real hope of controlling or preventing this 
kind of mental upset by tranquilizers and 
of devising new ones that are even better. 
The success of these drugs in restoring 
normal balance in some cases and the rela- 
tive failure in others can be turned to good 
account in separating and recognizing the 
different varieties of mental disease. 

It is hoped that long-range work will 
succeed in detecting possible abnormal 
metabolites that contribute to creating an 
abnormal synaptic environment, the next 
step being the correction of such abnormal- 
ity. A current example of this approach is 
the use of iproniazid (Marsilid) in trying 
to control mental illness. Iproniazid inhib- 
its monoamine oxidase, the enzyme respon- 
sible for the normal destruction of serotonin, 
which is the most powerful natural synaptic 
inhibitor yet found, Thus iproniazid would 
be expected to have marked effects by pre- 
serving serotonin in the brain and causing 
the accumulation of unusual amounts of 
this synaptic inhibitor. This would prove 
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corrective in those cases where synaptic 
dysequilibrium is brought about by an ex- 
cess of excitatory chemicals. 

It seems evident that uncovering the 
mechanisms of function and malfunction in 


the nervous system will pay high dividends 
in devising more effective therapy and pos- 
sibly also in arriving at prophylaxis of 
mental illness. 

Leech Farm Rd. 


Fatty Acids and Their Relationship to Cholesterolemia 


DOROTHY M. RATHMANN, Ph.D., Argo, Ill. 


During the past year or so, you have 
probably seen numerous reports in both the 
medical journals and the lay press concern- 
ing the possible relationships between die- 
tary fat and heart disease. With so 
newsworthy a topic, the feature writers 
have gone all out and used such scary titles 
as “Are You Eating Your Way to a Heart 
Attack?” “Science Fights the Coronary 
Plague,” “Do Fats Really Kill?” 

This is certainly one of the most active 
areas of current biochemical and medical 
research. In fact, developments come so 
rapidly that they’re hard to follow. My 
purpose here today is to summarize the 
data as objectively as I can so you may 
draw your own conclusions. 


Coronary Death Rates and Fat 
Consumption 

Perhaps I can best start by drawing your 
attention to some of the information being 
collected by Dr. Ancel Keys and his asso- 
ciates at the University of Minnesota. As 
part of a study of the coronary death rates 
and the incidence of atherosclerosis in vari- 
ous parts of the world, Keys assembled 
medical records, vital statistics, and food 
consumption information. One of the best 
correlations that appeared was _ between 
coronary death rates and fat consumption. 
Those nations, like the United States, in 
which fats provide 40% or more of the 
calories, have the highest coronary death 
rates. In nations, like Japan, where most 
people can afford to eat little fat, heart dis- 
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ease is rare and coronary death rates are 
low. Apparently, the incidence of heart dis- 
ease is a function of the per capita fat con- 
sumption. 

This is rather a disturbing conclusion, 
isn’t it? We Americans are proud of our 
high living standard and of the fact that 
we can afford to eat meat and eggs, and 
drink large quantities of milk. Famine is 
virtually unknown, and serious vitamin de- 
ficiency states are clinical rarities. We 
thought we were eating well. And now, we 
have evidence that our food is too rich 
for our blood. Maybe it is possible to ex- 
plain away this conclusion. Let's try. 


Data Value 


How reliable are the data? The food con- 
sumption figures must certainly be open to 
question, In fact, more often than not, the 
data are for fat disappearance from the 
markets, and cannot be corrected for wast- 
age at home. Of course, they give no clue 
about the amount of fat eaten by a given 
individual. Medical records may be even 
less reliable, particularly in the poorer or 
more primitive regions. 

On this basis, suppose we do agree that 
the statistics are not reliable or comparable. 
How, then, would we explain away the ob- 
servation that in certain Italian towns where 
much olive oil is used the coronary death 
rate is higher than in others, where the 
consumption of olive oil is low? And how 
would we explain the fact that in Europe, 
during the War years when fats were 
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scarce, the coronary death rate dropped, 
only to rise again when fats became readily 
available ? 

Keys has obtained some particularly im- 
pressive data in a careful study of some 
Japanese. The peasants living in Japan can 
afford to eat little fat, and most of that 
comes from fish, fruit, or vegetable prod- 
ucts. More affluent Japanese eat animal fat, 
and have a proportionately higher coronary 
death rate. The rate is highest, however, 
among Japanese-Americans living in_ the 
United States, where their diet is typically 
American and high in fat. 

So try as we will, we are left where we 
started, with the disturbing conclusion that 
there is something about the American diet 
that seems to be related to our high inci- 
dence of heart disease. 


Obesity and Hypercholesterolemia 


lor the purpose of the present discus- 
sion, I am limiting the topic to dietary fats. 
sut fats are certainly not the only factor 


involved. Consumption of animal protein, 
greater life expectancy, stress, hormonal 
balance, heredity, hypertension, and good- 
ness only knows what else, all play a part 
in heart disease. But regardless of your 
list, there are two conditions which would 
undoubtedly be included: obesity and hyper- 
cholesterolemia. And these two definitely 
can be influenced by diet, particularly by 
dietary fats. 

Since my theme today deals primarily 
with cholesterol, I shall have to brush over 
obesity with only one comment. Over- 
weight results when a person eats more 
calories than he uses. Fats are particularly 
concentrated foods, providing about 9 calo- 
ries per gram as compared with about 4 cal- 
ories per gram of protein or carbohydrate. 
So a high-fat diet is likely to be a high- 
calorie diet. 


Atherosclerosis and 
Hypercholesterolemia 


It is quite possible that atherosclerosis, 
which frequently accompanies heart dis- 
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ease, is not directly related to serum cho- 
lesterol levels. However, in the course of 
statistical studies with both normal per- 
sons and coronary patients, a positive cor- 
relation has been observed between heart 
attacks and hypercholesterolemia. For ex- 
ample, in a recent study, serum cholesterol 
levels were determined periodically during 
several years in several thousand persons 
who were clinically well at the beginning 
of the experiment. During that time, 57 
persons in the group had heart attacks. Of 
these, 41 had previously shown high blood 
cholesterol levels. 

In pointing out this correlation of coro- 
nary attacks with hypercholesterolemia I 
do not mean to imply that a high serum 
cholesterol level is infallibly indicative of 
atherosclerosis or heart disease. Such is 
certainly not the case; many other factors, 
such as sex, weight, age, stress, are in- 
volved. However, because the atheroscle- 
rotic plaques contain large concentrations of 
cholesterol, we can hardly escape the con- 
clusion that fats are somehow involved in 
the etiology of coronary disease. 


Predisposition to Coronary Attacks 


At the moment, it would seem that a 
combination of at least three conditions pre- 
disposes to coronary attack, namely, obesity, 
hypertension, and hypercholesterolemia. Two 
of these directly involve fats, obesity being 
the result of an intake of calories in excess 
of the body’s needs with resultant storage 
of this excess as fat, and hypercholesterol- 
emia reflecting some sort of change in lipid 
metabolism such that levels of this sterol in 
the blood are continuously higher than aver- 
age. 


Effect of Low-Cholesterol Diets 


It used to be thought that coronary pa- 
tients should be placed on low-cholesterol 
diets, that is, they should eat no eggs and 
little meat because these contain rather 
large quantities of cholesterol. Further 
study, however, demonstrated that the hu- 
man body normally synthesizes cholesterol 
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and has regulatory mechanisms to maintain 
a balance in the tissues. Thus, when consid- 
erable quantities of cholesterol are ingested, 
most of it is excreted and, simultaneously, 
there is a decreased rate of synthesis. But 
even a diet containing absolutely no cho- 
lesterol does not materially change the quan- 
tity of cholesterol in the blood and tissues. 


Effect of Low-Fat Diet 


The next suggestion was that perhaps fat 
should be eliminated from the diets of coro- 
nary and hypercholesterolemic patients. 
The hypothesis in this instance was that fat 
is needed for the absorption of cholesterol 
and also for its synthesis. 

Low-fat or fat-free diets do indeed re- 
sult in lower serum cholesterol levels. But 
such diets tend to be monotonous and unap- 
petizing. Fats contribute appreciably to the 
flavor and aroma of our meals, to the en- 
joyment and satisfaction we get from our 
food. Without fat, food is not very palata- 
ble and has little “staying power” so that 
a person feels hungry soon after a meal 
and may lack the energy for prolonged 
activity. 


Type of Fat Alters Effect 


Today, the emphasis has swung away 
from low-cholesterol, low-fat diets except 
for special cases. We now have good rea- 
sons for believing that a moderate fat in- 
take is desirable and that there are 
significant differences between the effects 
of various types of fat on the serum cho- 
lesterol levels. In fact, by proper choice 
of the dietary fat, lower serum cholesterol 
levels may be achieved on fat-containing 
than on fat-free diets, even when as much 
as 70% of the total calories is derived from 
fat. 

In 1952, Laurance Kinsell, in California, 
reported on clinical experiments which in- 
dicated that diets containing vegetable fats 
in place of animal fats cause dramatic de- 
creases in the concentrations of cholesterol 
and phospholipids in the serum, Almost 
simultaneously, Dr. Groen in Holland re- 
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ported that a vegetarian diet significantly 
lowered serum cholesterol levels. 


Two years later, Drs. Hardinge and 
Stare reported the results of a study with 
vegetarians. Those individuals who were 
really strict vegetarians and used no dairy 
products had significantly lower serum cho- 
lesterol levels than did other vegetarians 
who ate eggs and milk products. At about 
the same time, Dr. Ahrens of the Rocke- 
feller Institute confirmed Kinsell’s findings 
and also reported the first of the now fa- 
miliar series of experiments in which hu- 
man subjects were maintained exclusively 
on liquid formula diets made up so that fat, 
protein, and carbohydrate provided, respec- 
tively, 40%, 15%, and 45% of the total 
calories. By changing only the nature of 
the fat in such formulas, it was possible to 
compare the effects of individual fats on 
the serum cholesterol levels. Serum choles- 
terol and phospholipid levels decreased in 
the periods during which unsaturated vege- 
table oils were ingested and rose during the 
animal-fat periods, 

Since 1954, these findings have been con- 
firmed and extended by Ahrens and in many 
other laboratories, not only in the United 
States but also in Sweden, Canada, England, 
and South Africa. There is no longer any 
doubt that (1) the unsaturated fats of 
vegetable origin appear to have a positive 
effect in lowering serum cholesterol levels, 
and (2) hydrogenated oils and the more 
saturated fats of animal origin tend to raise 
serum cholesterol levels. 


Individual Cholesterol Values 


Before considering the evidence in detail, 
I should like to emphasize several facts with 
which you are undoubtedly familiar but 
which are frequently overlooked, Each in- 
dividual has his own characteristic serum 
cholesterol level. For most males in the 
United States, this value is somewhere 
around 200 mg. per 100 ml. of serum— 
rather significantly higher than in other 
parts of the world where fats provide a 
lower percentage of the total caloric intake. 
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In some individuals, this value is compara- 
tively constant; in others, there may be a 
considerable but apparently normal fluctua- 
tion amounting to 40 mg. per 100 ml. or 
more. In some individuals, the serum cho- 
lesterol level is liable to change abruptly, 
but temporarily, in response to dietary 
changes, infection, stress, and so forth. 
Other persons are more refractory. 


Experiment Design 


These observations indicate that statisti- 
cally meaningful data can be obtained in 
only two ways: either by using very large 
groups of subjects or by using the individ- 
ual as his own control. The latter is both 
the least expensive and the most convenient. 
In consequence, investigators seeking quan- 
titative information about the efficacy of 
the various kinds of fats and oils have usu- 
ally decided to work with relatively few 
persons who could be maintained on care- 
fully controlled diets for extended periods. 
With these diets, it has been possible to 
replace one kind of fat isocalorically with 
another so that the only significant variable 
is the composition of the fat. 


Quite a number of fats and oils have 
been compared in this fashion; I think the 
number is now about 30. These have in- 
cluded practically all of the common food 
fats, such as butter, lard, margarine, coco- 
nut oil, olive oil, salad oils, and also a 
number of the more unusual fats such as 
whale oil, sardine oil, and safflower oil. 

One of the most noteworthy features of 
the results has been the consistency in the 
response of a given person to a particular 
fat or oil. For example, Ahrens has been 
using corn oil as the standard against which 
all other fats have been compared. Re- 
gardless of the nature of the intervening 
regimens, the serum cholesterol levels on the 
corn oil formulas were reproducible within 
5%. The same statement could be made 
about the other fats and oils which have 
been tested extensively. 


In other words, this response of serum 
cholesterol levels to the nature of the dietary 
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fat is not an artifact—it is real and it is 
reproducible. 


Cholesterol Response to Fats and Oils 


It has now become apparent that fats 
and oils can be roughly classified into three 
groups on the basis of the serum choles- 
terol response. The highest levels of cho- 
lesterol are found when butter and coconut 
oil are the sole dietary fats. Intermediate 
levels occur during the feeding of palm oil, 
lard, cocoa butter, and olive oil. The low- 
est levels are produced by corn, cottonseed, 
peanut, and safflower oils. 

In studies by Dr. Beveridge at Queen’s 
University in Canada, the cholesterol value 
during the corn-oil period was lower than 
that obtained when the same persons were 
on a fat-free diet. Likewise, the level dur- 
ing the butter period was very much higher 
than during either the fat-free or corn-oil 
period. 

From this observation, we can conclude 
that the effect of the vegetable oils on se- 
rum cholesterol levels cannot be explained 
solely on the basis of the removal of ani- 
mal fat from the diet; mere removal does 
not achieve as great a lowering in the serum 
cholesterol levels as does the replacement 
of the animal fat with the appropriate vege- 
table oil. 


Two Effects Operative 


As a working hypothesis, therefore, we 
can say that two effects seem to be opera- 
tive: certain types of fats, of which butter 
is an example, contain something which 
acts to raise serum cholesterol levels. Cer- 
tain vegetable oils, of which corn oil is an 
example, act to lower serum cholesterol 
levels. 

At present, it is impossible to state con- 
clusively what the active agents are, but 
there are good reasons for believing that 
much of the effect can be ascribed to the 
nature of the fatty acids. 

All fats and oils consist predominantly 
of triglycerides, which are the esters of 
glycerol with fatty acids. The properties of 
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a given fat depend on the natures of the 
fatty acids which have been built into it. 
When these have long chains and no double 
bonds, the fat is hard and solid, and is 
said to be “saturated.” But when there are 
many double bonds, then the fat is oily or 
liquid; it is “unsaturated.” 


Iodine Value Indicates Degree of 
Unsaturation 


One of the easiest ways of measuring 
this difference in composition is by the de- 
termination of the iodine value, which indi- 
cates the number of double bonds—in other 
words, the degree of unsaturation. 

The iodine values are fairly low for some 
of the commoner types of animal fats and 
hydrogenated shortenings, indicating that 
these fats yield a high proportion of satu- 
rated fatty acids. It is also worth noting 
that these fats contain little linoleic acid, 
which seems to be the most active of the 
polyunsaturated fatty acids, often referred 
to as “essential fatty acids.’ To this acid 
is ascribed at least part of the positive ef- 
fect of unsaturated vegetable oils in lower- 
ing serum cholesterol levels. 

The refined vegetable oils commonly used 
in the United States have considerably 
higher iodine values than the animal fats, 
thus indicating that the oils are usually 
more unsaturated. The outstanding excep- 
tion is coconut oil, which, though saturated, 
is liquid because its component acids have 
short chain lengths rather than many dou- 
ble bonds. For the most part, those oils 
with high iodine numbers also yield a high 
proportion of linoleic acid. 

In a recent paper Ahrens summarized 
the results of many experiments which have 
led him to conclude that the effect of a 
given fat on serum cholesterol levels is a 
function of its iodine value. In these ex- 
periments, as I noted before, corn oil was 
the standard for comparison. Fats like 
coconut oil or butter, which are predomi- 
nantly saturated and contain little linoleic 
acid, cause very marked increases in serum 
cholesterol levels, as compared with those 
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vegetable oils which have high iodine values. 
Or stated another way, saturated fatty acids 
tend to raise serum cholesterol levels, 
whereas the unsaturated fatty acids not only 
do not raise but may actually decrease the 
cholesterol level. 

There are several features of these data 
which merit comment. Lards may have 
widely differing iodine values; that is be- 
cause the composition depends in part on 
what the hog was fed. But irrespective of 
these differences in iodine values, lard al- 
ways gave serum cholesterol levels above 
those found during the control period. 

The cholesterol-lowering responses to 
peanut oil, cottonseed, and safflower oils 
were similar, even though these oils differed 
considerably in iodine value. It is further 
significant that none of these oils was found 
to be more effective than corn oil, even 
though safflower oil, for example, has a 
higher iodine value and, in general, con- 
tains more linoleic acid. 

In other words, these data indicate that 
while there is a relationship between the 
degree of unsaturation of the dietary fat 
and its effect on serum cholesterol levels, 
no single factor can explain the effect. Cer- 
tainly degree of unsaturation and linoleic 
acid content play a part, but they do not 
appear to be the complete answer. Corn 
oil, for example, is more effective than 
would be expected from either its iodine 
value or linoleic acid content. 


Practical Diets 


Now, what does this all mean in terms 
of practical diets? Liquid-formula diets 
are fine for experiments designed to iden- 
tify the active components of the fats and 
oils. But such formulas are certainly not 
recommended for the general public. 

You may remember that Kinsell was one 
of the first investigators to draw attention 
to the fact that human serum cholesterol 
levels are lower when all dietary fats are 
from plant sources. His diets were typi- 
cally vegetarian ones containing considerable 


Vol. 17, May, 1958 


FATTY ACIDS AND CHOLESTEREMIA 


quantities of nuts, oily fruits, margarine, 
and legumes. 

But most of us are not vegetarians and, 
except under special circumstances, will not 
stick for long periods of time to such diets. 
Nor will we tolerate fat-free diets. It is 
very encouraging, therefore, to know that 
serum cholesterol levels can be kept down 
within reasonable limits by diets which still 
contain lean meat, dairy products, eggs, and 
fats. 

It is true that many of the important 
protective foods which provide the high- 
quality proteins so essential for good nutri- 
tion also contain the relatively saturated 
fats which act to raise serum cholesterol 
levels. However, this effect may be counter- 
acted when adequate amounts of the more 
highly unsaturated vegetable oils are also 
eaten. As a “rule of thumb,” Kinsell sug- 
gests that the proportion of “unsaturated” 
to “saturated” fats should be at least 2 to 1, 
perhaps greater. 

This does not mean, of course, that we 
can eat a high calorie-high fat diet and get 
the desired effect by merely taking a couple 
of swigs of vegetable oil daily. That would 
have precisely the opposite effect to what 
we wanted. Instead, the unsaturated oils 
must be used in place of a portion of the 
more saturated fats. Dr. Keys has said 
that the removal of 1 gm. of butter daily 
from the diet has as much effect on the 
serum cholesterol level as the addition of 
2 gm. of corn oil. You saw earlier that 
corn oil causes lower serum cholesterol lev- 
els than does a fat-free diet. Thus, the 
conclusion would seem to be that we should 


use vegetable oils whenever we can during 
the preparation and serving of food in 
place of the more saturated fats, such as 
butter, margarine, and lard. 
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Summary 

In summary, I should like to review 
briefly the status of our present knowledge 
of some dietary factors that may affect 
serum cholesterol levels. Excess calories, 
regardless of the type of food, seem to in- 
crease cholesterol levels. Carefully con- 
trolled studies with single types of fats 
have shown that most saturated fats tend 
to raise serum cholesterol levels, whereas 
the unsaturated vegetable oils have the op- 
posite effect and may even lower cholesterol 
levels below values observed on fat-free 
diets. 

The story is far from complete, for this 
is an extremely complex problem. But on 
the basis of the data now available to us, 
it seems highly desirable to strive for a 
balance—to avoid overeating, and at the 
same time to ensure that the diet contains 
fats from a variety of different sources so 
that there will be an adequate intake of the 
unsaturated fatty acids. 

For practical purpose, this adds up to 
the recommendations that (1) total caloric 
intake should be adjusted to the individual’s 
needs; (2) fats should provide 25% to 
30% of the total calories, and (3) particu- 
larly for hypercholesterolemic persons or 
those having heart disease or a family his- 
tory of atherosclerosis, unsaturated vege- 
table oils may advantageously be used in 
place of a substantial portion of the more 
saturated fats. 

The study of the relationship of dietary 
fats to human serum cholesterol levels has 
opened up an interesting new approach to 
better nutrition for each of us. The well- 
balanced diet of the future will undoubtedly 
be planned to contain the proper amounts 
and proportions of the various fatty acids, 
just as it already is planned to contain 
optimal levels of essential amino acids, vita- 
mins, and minerals. 
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New Sociomedical Concepts Involving Industry 


(A Panel Discussion ) 


Moderator: Jacos J. BLair 
Professor of Industry, University of Pittsburgh 
and 
Arbitrator of Industrial Disputes 


Joun Donatp Bass 
President 
Babb & Company 
James H. McDonovueu, M.D. 
Medical Director 
Rome Cable Corporation 


CHAIRMAN Epwarp H. Carteton, M.D.: 
The subject for this panel discussion is 
“New Sociomedical Concepts Involving 
Industry.” This may be a little baffling. It 
may be a little intriguing to you. But I 
think that before the panel is through with 
it, it will prove to be very interesting. 

The Moderator of our panel is Mr. Jacob 
J. Blair. Mr. Blair is a graduate of the 
University of Cincinnati. He started his 
business career with Armco Steel Company. 
Beginning in 1927, he served on the faculty 
of the University of Pennsylvania, and 
presently is on the faculty of the University 
of Pittsburgh. During World War II, he 
served on the arbitration staff of the United 
States Conciliation Service, and as panel 
chairman for the National War Labor 
Board. Since 1946, he has served as an 
arbitrator of industrial disputes, as a mem- 
ber of President Eisenhower’s Board in the 
1956 Longshoremen’s strike, and in addition 
is continuing his position as Professor of 
Industry at the University of Pittsburgh. 

One of his main interests at present is 
the program called “Management Problems 
for Business Executives,” in which he pre- 
sents a course in industrial relations to 
corporation executives. 


Mr. Blair is the author of several impor- 
tant published articles on industrial relations. 
He is Vice-President of the Board of Gov- 
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M. M. OLANDER 
Director of Industrial Relations 
Owens-Illinois Glass Company 


Wittiam A. Sawyer, M.D. 


Medical Consultant 
International Association of Machinists 


ernors of the National Academy of Arbi- 
tration, and is affiliated with the American 
Economic Association and the American Ar- 
bitration Association. I think he is eminently 
qualified to act as Moderator of the panel. 


Our panel members include Mr. Milton 
M. Olander. Mr. Olander was graduated 
from the University of Illinois with a 
Bachelor’s degree in Engineering and a 
Master’s degree in Education. During 
World War II, he served on the War 
Manpower Commission and on other special 
government assignments. 


Participating in a panel discussion on “New 
Socio-Medical Concepts Involving Industry” at the 
Medical Conference were, left to right, M. M. 
Olander, Director of Industrial Relations, Owens- 
Illinois Glass Company; John Babb, 
President, Babb & Company; Jacob J. Blair, 
Professor of Industry, University of Pittsburgh 
and Arbitrator of Industrial Disputes; Dr. William 
A. Sawyer, Medical Consultant, International 
Association of Machinists; Dr. James H. Mc- 
Donough, Medical Director, Rome Cable Cor- 
poration; and Dr. E. H. Carleton, General Medical 
Director, Inland Steel Company. 
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Beginning in 1945, he was a member of 
seven United States Delegations to the In- 
ternational Labor Conferences held in Paris, 
Montreal, Mexico City, Geneva, San Fran- 
cisco, and Montevideo, Uruguay. 

In addition to serving as Secretary of 
the Labor Management Committee on In- 
dustrial Safety under President Eisenhower, 
his latest assignment was as an Industry 
Member of the National Wage Stabilization 
Board. 

At the present time, he is a member of 
the National Labor Committee of the 
Chamber of Commerce, and also is a mem- 
ber of the Midwest Labor Committee of 
the National Association of Manufacturers. 
He has served as Director of Industrial 
Relations for Owens-Illinois since 1934. 

Dr. James H. McDonough is the next 
panel member. He graduated from Wash- 
ington and Jefferson College in 1932; the 
University of Pennsylvania School of Medi- 
cine, 1942, and was on rotating internship 
at the Episcopal Hospital in Philadelphia 
in 1943. He was on active duty with the 
United States Public Health Service from 
1943 to 1946. He served on a Graduate 
Fellowship in Industrial Medicine in the 
University of Pittsburgh School of Medi- 
cine from 1946 to 1948. He received his 
degree of Doctor of Industrial Medicine at 
the University of Pittsburgh in 1950. 

He is full-time Medical Director of the 
Rome Cable Corporation, Rome, N. Y., and 
has been there since 1948. He is certified in 
Occupational Medicine by the American 
Board of Preventive Medicine, Founders 
Group. 


Our next panel member is John Donald 
Babb. Mr. Babb is an alumnus of two kinds 
of schools: One kind gives experience and 
hard knocks and the other gives degrees. 

He has had first-hand experience as a 
lumber mill, cannery, and powerhouse 
worker. He has also gained a broad educa- 
tional background from Washington State 
Normal School, the University of the State 
of Maine, Trinity College of Hartford, 


Boston University, and the University of 
Pittsburgh. 

He has been a school principal, an in- 
surance underwriter, and an _ insurance 
broker. He is a graduate of the American 
College of Life Underwriters. During 
World War II he served 41 months in 
Combat and Radar Intelligence with the 
Air Force. 


Mr. Babb has served as President of the 
Sales Executives Club and the Kiwanis 
Clubs of Pittsburgh. He has been Com- 
mander of the Pittsburgh City Post of the 
American Legion. He is well known for 
his distinguished service as an officer or 
governing member of many clubs, institu- 
tions, and societies in the Pittsburgh area. 


It seems almost unnecessary to introduce 
Dr. William Sawyer. Surely everyone must 
know who he is and what he has done. 
However, for the benefit of those few who 
may not know, he is a graduate of the 
University of Pennsylvania and the Univer- 
sity of Pennsylvania School of Medicine. 
His first interest was surgery, but early in 
his career his deep interest in service to 
people gave him unusually keen vision with 
which he saw the light, which was at that 
time a distant, flickering beacon. This bea- 
con we know today as the practice of occu- 
pational medicine. 

Dr. Sawyer is a distinguished pioneer, 
leader, and exponent of modern occupa- 
tional medicine. His knowledge on this sub- 
ject is solidly based on a long and rich 
experience, which includes not just one, but 
two consecutive professional careers. The 
list of his accomplishments and_ services 
which have benefited the public, manage- 
ment, labor, and his country is a very long 
list, indeed. 

The story of his many years as Medical 
Director of Eastman Kodak, and more re- 
cently—since he retired from Kodak—as 
Medical Consultant to the International As- 
sociation of Machinists, is one which all 
young physicians of today should read and 
thoughtfully ponder as they consider their 
own futures. 


409 


fi 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Dr. Sawyer has been President of the In- 
dustrial Medical Association, member of the 
American Medical Association Council on 
Industrial Health, and an officer or member 
of numerous other national and state soci- 
eties, associations, and commissions. During 
World War II he was—along with William 
P. Yant—sent to Great Britain to serve as 
a special consultant to the Ministry of 
Health. He is a recipient of the William 
S. Knudsen award for outstanding contribu- 
tions in the field of industrial health. 

I’d like to define our subject, “New 
Sociomedical Concepts Involving Industry.” 
In this case, I think “socio” refers to man’s 
existence and well-being within a group or 
an organized community; and “concept” is 
a thought, or an idea, or a generalization of 
several ideas concerning what a thing is 
or what it should be. 

Therefore, this discussion may properly 
encompass mankind’s form of existence and 
state of well-being in our modern world, or 
nation, or local community. It should in- 
clude consideration of the influences and 
pressures that in turn generate ideas as to 
what medical care in industry should or 
should not be. 

I hope that I shall be excused for taking 
the liberty of suggesting, in the interest of 
orderly discussion, that the Moderator and 
the panel start with the larger world view 
on the subject, then proceed to our national 
developments, and finally present the local 
plant and community picture as they see it. 

I shall now turn the meeting over to our 
Moderator. 

Moperator My function as a 
Moderator is to suggest in broad outline 
some of the more relevant questions to be 
considered, and in this way to provide a 
frame of reference for the discussion which 
follows. I should like to enlarge upon the 
background given by Dr. Carleton as far as 
industry is concerned. 

The subject of the panel refers primarily 
to the health and medical problems arising 
out of the employee-employer relationship. 
We have the International Labor Office or- 
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ganization, together with the World Health 
Organization, considering this problem on 
a very broad world basis. 

Nationally, we have many organizations 
concerned with sociomedical problems, in 
addition to the multiple efforts of the vari- 
ous industries. 

I call your attention to the growth in 
industrial health programs and their wide 
acceptance. One measure of this is the 
number of persons covered under the vari- 
ous insurance plans for hospitalization and 
surgical care. The number of people in 
America covered by such insurance plans 
increased from 12,000,000 in 1940 to 115,- 
000,000 in 1956. Persons covered for sur- 
gical expenses increased from 2,000,000 in 
1940 to 100,000,000 in 1956. The data sug- 
gest that about 75% of our total population 
is now covered by plans dealing with hos- 
pital benefits, and about 65% is covered by 
insurance relating to surgical care. 

The amazing growth raises a number of 
questions. The first concerns the plans 
themselves, which range from nonprofit pre- 
paid hospitalization and surgical care—such 
as that provided by unions and by Blue 
Cross and Blue Shield—to the cash benefit 
plans provided by the mutual and the vari- 
ous stock insurance companies. Is there a 
choice between these plans, and, if so, upon 
what concepts can such a choice be made? 
It may be that one of our panel members 
can consider that problem in his discussion. 


A second problem has arisen in connec- 
tion with the increasing cost of such insur- 
ance. What administrative problems are 
created by these increased costs? This ques- 
tion might well be considered not only from 
the point of view of the insurer, but also 
that of the hospitals and the medical pro- 
fession. 

Third, there is a growing problem of the 
relationship between unions representing the 
subscribers’ interests, and the insuring 
agency and the medical profession. A dra- 
matic example of this is the situation pre- 
vailing in the hospitals operated by the 
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benefit plan of the United Mine Workers 
of America. 


Finally, there is the question of preven- 
tive medicine. Here it appears that a big 
job of in-plant as well as public education 
is required to offset the cynicism which is 
now becoming too characteristic of plans 
designed to provide the finances, hospitaliza- 
tion, and medical care. 


The 12 to 15 minutes allotted to each 
speaker is a very brief time for the con- 
sideration of some of the important subjects 
that will be brought before you, but we want 
to reserve time for the audience to partici- 
pate as widely as possible, because we be- 
lieve that exchange of ideas and information 
between the panel and the members of the 
audience will be extremely fruitful. 

Our first speaker is Dr. William A. 
Sawyer. 

Dr. Sawyer: I shall endeavor to sketch 
for you what seem to be the trends in the 
field of labor health programs. I think you 
all realize that the problem of medical care 
to the worker is a very serious one finan- 
cially. Workers in our factories are not 
able to save much money. Medical bills can 
very quickly dissipate a man’s small savings, 
and sometimes the situation becomes pretty 
desperate. 


Isn’t it logical that he should have en- 
visioned the possibility of protection and 
better medical care through group organiza- 
tion? Isn’t that what unions have tried to 
do for the most part, to benefit the worker 
in those areas where he has need of help? 


Now, this is not a new concept, because 
as far back as 1868 in this country the 


Southern Pacific Railroad established a 
Mutual Benefit Association. It was the first 
prepaid medical program for employees, 
which is still in existence and going very 
strong; but even farther back, in England 
and in other countries, there were early in- 
stances of group protection, through benefit 
welfare programs. This isn’t something new 
that has just come upon us in the last few 
years. 


What is it that labor wants? I can only 
give you my impressions and my observa- 
tions. Labor wants better quality medical 
care on a comprehensive prepaid basis. 
What does that mean? It means that labor 
wants accessible or available medical service 
—being able to drop into the doctor’s office 
as the employee is able to drop in to see 
the nurse and the doctor in the plant, 
at the first symptoms, to get some answers to 
the questions which have presented them- 
selves. It means early diagnosis and early 
treatment, with the hope that this will pre- 
vent some of the major conditions and a 
great deal of the hospitalization that we are 
now so concerned about in our insurance 
planning. 

In other words, labor is beginning to 
think in terms of prevention, just as we 
have thought in terms of prevention in in- 
dustrial medicine for so long. None of us 
can be in industrial medicine for any length 
of time without being imbued with the value 
of prevention. 

Labor is interested not only in the treat- 
ment of new conditions found but the pro- 
longed treatment of chronic diseases and 
disabilities, and with rehabilitation and get- 
ting the man back to gainful employment. 
This is some of the thinking of labor; and 
please let me disabuse your minds of any 
idea that labor in its thinking on health 
programs is of one mind, or that there is a 
unified concept. Far from it. There are 
many concepts, 

If I had time, I could tell you of many 
instances where one union believes in a 
comprehensive direct service plan and an- 
other union favors insurance with limited 
cash benefits, but more and more there is 
agreement about early diagnosis and early 
care and prevention. That’s quite logical 
and quite sensible it seems to me. 

Now, most of the coverage in health and 
welfare programs for labor consist of insur- 
ance, or Blue Cross and Blue Shield. These 
are good as far as they go, but do not rep- 
resent a comprehensive health program. 
They are not preventive; they do not take 
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care of the early conditions. I believe Mr. 
Meany once said that the type of program 
which has been offered so far provides for 
the worker when he’s flat on his back. That, 
of course, is not preventive medicine. 

Union medical care programs have taken 
several forms. Some consist of insurance, 
as I told you, which gives cash indemnities 
to pay part of the medical bills. Others 
consist of centers where ambulatory care 
can be given. Some unions have thought the 
latter was preferable because it took care 
of a great many conditions before they 
became serious, and perhaps kept people out 
of hospitals, and in addition it satisfied the 
desire to see the doctor early. Furthermore, 
the cost was not great. 


Then, there are the centers operating 
under comprehensive programs which in- 
clude home, office, and hospital medical care. 
There are the centers controlled by union 
or community groups or a combination of 
management and labor, etc. We could spend 
a considerable period of time going over 
some of them. I should like to give you 
just one little sketch of the Labor Health 
Institute in St. Louis, which is the best 
example of a union-operated comprehensive 
medical care plan. It includes dental care, 
home calls, hospital care, and attention at 
the Center. The attention at the Center is 
by a group of about 50 young physicians, all 
part-time except for the medical director, 
who are connected with the best hospitals 
in the community. It has a high percentage 
of utilization and is growing in popularity. 
That is the type of service much of labor 
seems to want. 


The average annual cost for the full bene- 
fit of this program is usually financed by 
employer contributions of 5% of gross pay- 
roll in most of the union shops covered. 
Membership provides coverage for the 


union member, spouse, and all children 
under 18. 


Now, how close can we come to compre- 
hensive medical care? There are those who 
dispute that you can get very close to it, 
and we know that there are all sorts of 
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concepts of comprehensive care. I don't 
know how close you can come to it, but 
apparently, in some places they have done 
pretty well. 

You all know the Health Insurance Plan 
of Greater New York, which is growing 
and which has apparently given a good ac- 
count of itself, although it had some stormy 
times with the medical profession. The 
Kaiser Plan on the West Coast also comes 
close to a comprehensive type of service. 

Now, there is one other thought I’d like 
to leave with you. It concerns a very remote 
possibility, which keeps cropping up every 
once in a while in the realm of occupational 
medicine. Again and again people ask why 
the in-plant service can’t be extended to 
include out-of-plant needs? Naturally, you 
ask the question: “Will industrial medicine 
eventually include nonoccupational medical 
services?” 

There is one interesting development in 
Tacoma, Wash. There is a smelter there 
whose in-plant program has had a very 
close relationship with the medical society's 
prepaid nonoccupational service. The county 
medical society started a plan of prepaid 
medical care for industry in June, 1917. It 
is considered actuarially sound, as its long 
record of operation testifies. It is a service 
type of plan and does away with the need 
for sharp demarcation between occupational 
and nonoccupational conditions. This Ta- 
coma plan, the Pierce County Industrial 
Medical Bureau, provides complete medical 
care for over 7000 industrial groups, cover- 
ing more than 22,000 men and 8000 women. 
In the smelter I mentioned, there are 1200 
employees, and it is the only group having 
a full-time physician. The plant is located 
five miles from the center of the city, where 
the majority of physicians are located, and 
there is a disposition to give service to this 
employee group in the most convenient way 
possible. This allows the physician to pro- 
vide medical care in the plant dispensary, 
the employee’s home, or in the hospital, as 
the physician feels is indicated. Thus the 
smelter physician sees an employee for 
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either occupational or nonoccupational con- 
ditions and can follow the diagnosis with 
such treatment as is necessary. It should be 
emphasized that these employees have a 
free choice of physicians and are not re- 
stricted to the physician at the smelter. 
From experience, the majority of these em- 
ployees visit the plant dispensary even 
though many of them later go to their own 
family doctor. Such an arrangement per- 
mits of medical counseling in the truest 
sense of the word. An article about this 
plan appeared some time ago in /ndustrial 
Medicine and Surgery (September, 1952) 
and points the way to this possible develop- 
ment. 

The other thought that I should like to 
stress is the expanding role of the consumer. 
One of the things that labor asks for when 
they have their own program is some voice 
in the policy making. They feel that they 
have some wishes and desires which are not 
being met by the private practice of medi- 
cine. They are not altogether satisfied with 
the attention and response they get from 
their doctors. Certainly we need to think 
about the consumer. Doctors are too often 
inclined to believe that they know best and 
that the patients must abide by their deci- 
sions and ask no questions. 

One other subject that comes up again 
and again is that labor unions are trying to 
capture the practice of medicine. An article 
appeared in Medical Economics, in the Oc- 
tober, 1957, issue, which I would suggest 
that you read. The title was, “Is Labor 
Through with Private Medicine?” It is an 
inflammatory type of article but nevertheless 
has a great deal of truth in it. But, may I 
say from my personal knowledge and ob- 
servation, there is no considered movement 
on the part of labor unions to capture medi- 
cine or to control it. Statements made by 
Mr. Meany, Mr. McDonald, and Mr. Reu- 
ther certainly are to the contrary. They 
realize that the practice of medicine should 
be in the hands of physicians. They want 
the physicians to do what they feel is best, 
so long as the employees can get some of 


these benefits and added services which they 
feel they so much need. 

MoperATor Biair: Thank you, Dr. Saw- 
yer. Our next speaker is Mr. Olander. 

Mr. OLanper: Fortunately, industrial 
health in itself is a noncontroversial subject. 
No one can quarrel with its aims, its im- 
portance, and the good it can accomplish for 
the employee, his family, management, and 
society at large. Here is one area where 
management, labor, medicine, and various 
government agencies can work hand in hand. 
Furthermore, it calls for the utmost in un- 
derstanding, cooperation, and enthusiasm of 
all four groups on an unending basis. 

There is good reason to explore the social 
and medical aspects of an industrial health 
program because, first of all, man is a social 
being. He has the desire to associate with 
others. He wants to be thought of as a 
separate individual, not as a number or as 
part of a group. He wants to have a feeling 
of belonging, of doing something worth 
while; he wants to be consulted and in- 
formed, and most of all he wants to be 
treated with dignity and respect. He feels 
that the work place should not be isolated 
from courtesy and considerate treatment. 
We must not forget that it is the whole man 
who comes to work, and a job should be 
more than making a living. 

We share certain basic desires and needs: 
good health, security on a job and at home; 
the love and affection of family and friends; 
self-esteem and the regard of others; worth- 
while work, and pride in achievement. And 
we want to work on a safe, nonhazardous 
job, under enlightened supervision. 

If any of these needs and desires are 
denied or thwarted, we suffer in that re- 
spect. We feel threatened, distressed, and 
our minds find it difficult to become inter- 
ested or think well on other matters. 
Putting it bluntly, we become mentally 
unhealthy. If, however, these basic needs 
and desires are satisfied, we feel a mental 
lift. 

All businessmen know that it is a tough 
job to run a profitable business today and 
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project it with foresight into the future. 
Many companies face the dilemma of ever- 
increasing costs and decreasing profits. 


The responsibility of businessmen to be 
honest and fair with the shareholders, em- 
ployees, customers, vendors, and govern- 
ment is a full-sized job and calls for the best 
of stewardship. 


Another important responsibility that 
must be shouldered by all management men 
is to see to it that an employee works in a 
safe, healthy environment. For many years 
industrial relations people have recognized 
the importance of the plant medical service. 
What originally was a finger-wrapping ex- 
ercise has matured into a plan for health 
maintenance; its essence is preventive medi- 
cine. Some companies, to be sure, still don’t 
have this vision, but the leaders do. I need 
not reiterate to this group that care of 
industrially caused ailments is only one ac- 
tivity of the plant medical service today. 
Beyond this are the more productive func- 
tions of better placement of people, reduced 
lost time due to sickness (regardless of 
whether the cause is job-connected or not), 
reduction in compensation costs, and a 
growing amount of tactful counseling which 
helps employees and yields better attitudes. 
The medical service strives to help people, 
not just after they are laid up, but before. 

With this broad and sound concept of 
“industrial health” have come involvements 
with other groups. The parties affected now 
are not just the physician and the employee. 
An important part of the picture are the 
supervisor, the union and its representa- 
tives, the insurance company, the neighbor- 
hood medical society and hospitals, and the 
state and federal governments. These have 
brought the evolution of new sociomedical 
concepts, which is the subject of this panel. 

Let’s take a look at some of these prob- 
lems, some of which are not new, but have 
become of greater importance because of the 
many things that are happening in this fast- 
moving world of ours. 

Retirement programs are already bringing 
new problems. The issue of compulsory vs. 
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optional retirement is a vexing one. Em- 
ployers are keeping people on the job to 
retirement age. Some of these persons have 
chronic disease, and have to be transferred 
to less exacting jobs. This attention to 
proper and safe placement helps all con- 
cerned, but it does throw a new load on 
the plant medical service. 

What to do about medical care for people 
after they retire is a difficult problem. The 
answer should not be too long delayed, not 
only for the good of the retirees but for the 
good of industry. If employers and insur- 
ance companies cannot solve this problem 
soon, the Federal government may step in, 
which would mean another tax-supported 
health and welfare program. We now seem 
to be at about the same stage in this care- 
for-retiree problem as we were in hospital- 
ization just before Blue Cross was initiated. 

How far can management go in providing 
medical care for retired people? Certainly 
this must be answered, but what the answer 
will be we don’t know. 

The see-saw of increasing wages and 
higher costs-of-living is difficult to put in 
balance. Fringe benefits—how could the 
word “fringe” be more grossly misused ?— 
seem to grow and grow in number and cost. 
One of the most malicious practices is the 
trend in pay for time not worked. This is 
an ever-increasing list and is the cause for 
serious alarm by everyone participating in 
the business picture. 

Desirable as it might be, medical care for 
retired people is in that classification. The 
problem is certainly a knotty one. 

If employers step into rather than away 
from responsibility in this retirement prob- 
lem, they can do much to mold a forward- 
looking solution. Crisis treatment with 
undue influences are to be avoided. Meeting 
the problem adequately calls for calm, de- 
liberate, far-seeing vision. 

If, through neglect, the problem is left 
to the Federal government, we shall be one 
step further toward the quagmire of so- 
cialized medicine. 
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Through intensive health and safety pro- 
grams, American companies have notably 
decreased their workmen’s compensation 
costs. But they are faced with another kind 
of liability that is becoming increasingly 
costly. Coverage is all the time being broad- 
ened, both by statute revision and by inter- 
pretation, to include illnesses and injuries 
not caused by the job. The degenerative dis- 
eases (heart trouble, diabetes, arthritis, etc.) 
are among these. More and more frequently 
the employer finds himself paying under 
workmen’s compensation for a disease that 
actually is not job-related. 


Many people feel that workmen’s com- 
pensation should be reserved for on-the-job 
accidents, while the degenerative diseases 
should come under general group insurance. 


Some 10 years ago four states passed 
temporary disability benefit laws. These 
laws in effect forced all employers, not just 
the “enlightened” ones, to carry group dis- 
ability insurance. It was thought this type 
of legislation would spread rapidly; how- 
ever, it has not, even though such legislation 
is introduced at every session in many 
states. Nevertheless, wider adoption of such 
a law will undoubtedly come. 


Periodically, employers should take a good 
look at their workmen’s compensation laws. 
If we face the facts, we'll find in some states 
that the benefit scale has not kept pace with 
rising living costs. This, too, needs a search- 
ing look. 

Inadequate benefits invariably spark a 
drive for a supplement to workmen’s com- 
pensation supplied by the company. Organ- 
ized labor has said, ‘This is what we'll work 
towards.” Temporarily, it hasn’t been 
pushed, but it’s in the wind. 

A sociomedical plan of concern, both hu- 
man and financial, to employers is Blue 
Cross, an arrangement for prepaying hospi- 
tal services. Where the company carries the 
whole cost of Blue Cross, the repeated rise 
in rates is important. Pittsburgh, as well 
as Philadelphia and other communities, is 
right now in the midst of a hassle over 
Blue Cross rates. 


A comparatively new activity that some 
plant medical services are finding themselves 
engaged in is mental health. 


It seems to me that each of us working in 
our respective areas, and together as a team, 
need to keep our sights constantly on one 
overriding objective, namely, the need to 
better understand the basic needs and desires 
of people—why they are as they are; why 
they behave as they do; and what we can 
do to provide enlightened leadership and 
instill in people the desire to develop, to 
improve, and to want to put out the extra 
effort. That’s a large order. What might 
be some guiding lights? We know that every 
man, every day, comes to his work with 
worries, tensions, concerns, conflicting 
thoughts, hopes, ideas, ambitions, frustra- 
tions, and other complex thoughts. 

Let us single out but one of these con- 
cerns, a major one, too—the overcoming of 
human frustration—one of the most serious 
problems we face in working with people. 

Whenever I think of the impact of frus- 
tration I recall a vivid incident that occurred 
last spring. During the Lenten season I 
stopped in at noonday service in one of 
our downtown churches. I was impressed by 
the minister when he said: 

“You know, I have visited hospitals a 
great deal. I have seen people in extreme 
pain of all sorts. But I have reached the 
conclusion, however, that human frustration 
transcends all pain. It is always with us 
during waking hours and also, subcon- 
sciously, when we sleep. Extreme pain in a 
hospital can be alleviated with sedatives, 
but nothing can dull frustrations except 
their complete correction.” 

There is much to this studied observation, 
because human frustrations respresent one 
of the most baffling challenges we can meet. 

I’ve tried to list some new concepts that 
are facing medical departments. We know 
that efforts to guard the health of employees 
and to provide a safe place in which to work 
pay off. Industrial relations leans heavily 
on the splendid doctors and nurses who help 
and counsel with our people day-in and day- 
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out. And yet we know these services, and 
supplemental services, will have te be ex- 
panded and diversified. This can best be 
done by an employer through his own ef- 
forts, before a law or a union forces him 
into it. 

Moperator Biair: Thank you, Mr. Olan- 
der. We shall now hear from Dr. Mce- 
Donough. 

Dr. McDonoucu: It has been my pleas- 
ant professional assignment to be with Rome 
Cable Corporation in upstate New York, 
together with some 1250 others, for the past 
10 years. From my viewpoint. then, our 
subject for discussion is, how can the Medi- 
cal Department best meet the challenge of 
the ever-changing and advancing programs 
that industry is finding it feasible and ad- 
visable to offer its employees? 

There are wide variations in the scope 
of services offered in the respective medical 
departments that those of us here represent. 
Hence, I would like to offer for considera- 
tion what I feel are basic principles involved 
in a given program. 

Let us start from the basic concept that 
the industrial physician must plan, preserve, 
and maintain a program that will convince 
the officials of his company of the sound- 
ness of investing the necessary funds in 
space, equipment, supplies, and personnel; 
at the same time, being ever mindful of 
new needs arising from time to time. 

There is an increasing outlay of funds 
by industry for sickness and accident in- 
surance programs for employees and their 
families as well, welfare and pension funds, 
group insurance, and workmen’s compensa- 
tion. For some of these, laws have come 
forth definitely committing the employer to 
given benefits. 

Is it not up to us then as industrial 
physicians to provide through our programs 
the maximum in care of each and every 
employee, at the same time remaining within 
the scope of what we agree is proper oc- 
cupational health coverage today? 

May I draw your attention to a recent 
publication from the American Medical As- 
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sociation, prepared by The Council on In- 
dustrial Health, entitled, “The Scope, 
Objectives and Functions of the Occupa- 
tional Health Programs.” Certainly, this 
publication has come forth at a most oppor- 
tune time and provides a basis for future 
changes in our programs. 


As we begin, then, with inauguration of a 
relatively complete program for a given in- 
dustry, or in revising established programs, 
of prime importance to me is that we main- 
tain the dignity of the individual employee 
at all times, at the same time eliciting his 
cooperation in maintaining his health at an 
optimum level through the facilities at his 
disposal in the medical department. 


We all recognize the great strides that 
have been made in assuring employees of a 
hazard-free work environment, particularly 
in recent years. We must also reduce to a 
minimum the human factor as a cause of 
industrial injury and disease. Recognition 
must be given to the importance of the use 
of the very latest in safety equipment and 
to protection from adverse environmental 
exposure. Due regard must be given to mak- 
ing certain that employees understand the 
purposes and functions of the industrial hy- 
giene and safety group. 


Our program of preventive medicine is 
based, first, on the earliest possible diag- 
nosis of major abnormalities and diseases; 
then, referral for immediate diagnostic 
work-up and care by the employee’s personal 
physician or appropriate specialist. Thus, 
we can anticipate a minimum, if any, lost 
time in a given situation. 


Secondly, the medical program is based 
on the establishment and maintenance of 
contact and communication with the physi- 
cian in charge of a case. It is a “must” 
that all findings and data in the employee's 
medical records be made available to the 
physician. Creating proper relationships 
with an employee’s personal physician cer- 
tainly will insure the earliest possible return 
to work under suitable conditions agreed to 
by both the physician and the company’s 
medical director. 
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Let us look into the actual workings of 
our preventive health program. Our first 
opportunity to render maximum service 
comes at the time of preemployment or pre- 
placement examination, and the indoctrina- 
tion of the employee to his new job. 


In order to insure an adequate and 
thorough examination the employee must be 
made aware of its purpose; hence, he will 
cooperate and make possible a true and com- 
plete past medical history and systematic 
review. At the completion of the examina- 
tion, the results and significant findings 
must be discussed with the new employee; 
to those who are not hired, certainly we 
have the same obligation. Once the em- 
ployee’s health has been proved adequate for 
his job, it is then up to us to make him 
feel that the company, through its medical 
department, has a sincere interest in his 
future health. 


At the same time, we must make the 
most of this opportunity to educate the new 
employee regarding the basic principles of 
preventive medicine and health maintenance. 
This is also the proper time to make clear 
to him just how the medical department is 
prepared and equipped to keep him on the 
job and in the best possible state of health. 
The program of periodic examinations 
should be outlined to him. 


Frequent and specialized examinations are 
necessary if the employee has hazardous 
exposures on his job. Again, before the 
employee steps out to his job in the plant, 
he must be made aware that a physician 
is available, or a nurse, or a properly trained 
first-aid man, as the case may be, at all 
times when the plant is in operation, and 
he must be instructed as to the appropriate 
site for reporting of all injuries. Where 
there is no physician at the plant, the em- 
ployee should be assured that there is a 
specified physician on call in close proximity 
to the plant. 

The day-to-day functions of the medical 
department should be outlined to the em- 
ployee, stressing the importance of reporting 
at the earliest possible time any illness or 


injury, occupational or nonoccupational. 
Certainly, he must be instructed as to the 
importance of early diagnosis and as to the 
extent of treatment which the personnel of 
the industrial medical department can pro- 
vide for him. It is of prime importance 
to make clear the continued and unchanged 
relationship with his own family physician, 
and that his industrial physician will co- 
operate with the family physician in all 
problems that arise. Stress should be placed 
on the availability of the industrial physician 
for consultation and counsel regarding health 
problems that arise with the employee, as 
well as his family. Thus, we can hope to 
keep unnecessary and unfounded worry at a 
minimum, 


Next, let us consider the problem of 
workmen's compensation and the ever- 
changing laws and trends toward increasing 
benefits, and some of the ways we in the 
industrial medical department can keep 
costs at a minimum: 

1. Initiate a policy of early reporting and treat- 


ment of industrial injuries and illnesses, thus 
avoiding neglect of early signs and symptoms. 

2. Reduce disability periods by on-the-job treat- 
ment that is readily available to all employees. 

3. Guide and advise the injured employee in 
obtaining the best in specific treatment by an ap- 
propriate specialist. 

4. Provide for an earlier return to work by 
follow-up care available while on the job, be it 
his own, or a temporary, less exacting one. 

5. Give guidance in the placement of the partial 
permanently disabled employee, and aid in his re- 
habilitation. 

6. Check on-the-job transfers to insure the em- 
ployee’s physical capacities are in keeping with 
the demands on the job, thus keeping down trauma 
and aggravation of preexisting conditions. 


7. Give careful surveillance to accident-fre- 
quency records, permitting the early disclosure of 
the accident prone worker. 

Lastly, after having devoted our attention 
to the services that we can render to the 
working individual, we also are in a posi- 
tion to render valuable assistance to those 
who are contemplating retirement. With 
the accumulated health records at our dis- 
posal, we are obligated to counsel these peo- 
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ple, both those who may feel that they must 
stop working and those who have reached 
the age for compulsory retirement. A clear- 
cut evaluation of an individual’s health status 
and a discussion with him of his physical 
capabilities and limitations will most cer- 
tainly aid him greatly in remaining a pro- 
ductive member of society. 

Our program of preventive medicine at 
Rome Cable Corporation provides for pe- 
riodic health examinations for all; the 
younger fellow needs our help just as much 
as the old-timers—often more so. 


It is our policy to schedule a physical 
examination for each employee at intervals 
of about one and a half to two years. Time 
is provided for a complete interim history 
and systemic review and, where indicated, 
for counsel on such problems as obesity and 
diabetes, as well as discussion of any health 
problems. 


The physical examination is augmented 
by urinalysis, complete blood count and 
chest x-rays. Employees over 45 years old 
receive chest x-rays at six-month intervals. 
An electrocardiogram is done routinely when 
an employee reaches the age of 40, and is 
repeated every three years thereafter unless 
otherwise indicated. A vision-screening test 
and audiogram are done routinely at the pre- 
employment examination and thereafter as 
indicated. Particularly important in preem- 
ployment examinations is the low-back x- 
ray. This is a standard procedure at our 
company. 

Our program includes an annual exam- 
ination for some 60 members of the execu- 
tive-supervisory group. These men are also 
seen at a six-month interim consultation and 
receive a chest x-ray at this time. Last year 
we inaugurated a policy of referral to our 
local hospital for a G. I. series, proctoscopy 
and barium enema study for our top man- 
agement group. Some of the executives took 
a dim view of this the first time. Now they 
are all for it, and the program is established 
on an annual basis. 


Immunization is also a part of our pre- 
ventive medicine program. Tetanus toxoid 
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shots have been offered to everybody for 
some years. Poliomyelitis vaccinations are 
offered to all employees on a voluntary basis. 
We had a 95% acceptance by those 40 years 
of age and under. Asian influenza shots 
were provided on a voluntary basis this past 
September. 

Another service we provide is therapeutics 
on a day-to-day basis, administering symp- 
tomatic relief as conditions require. We 
dispense appropriate medications, and I feel 
they have a place in the industrial medical 
department. 

We provide emergency care for minor 
nonoccupational injuries and make referrals 
for immediate follow-up care by the personal 
physician, as indicated. 

Here are some figures of what all this 
adds up to. In 1956, we had 2089 cases of 
industrial injuries with a total number of 
visits of 3679. We had 7290 cases of a 
nonindustrial nature, with a total number of 
visits of 10,197. Thus, in the year 1956, 
there were 9379 original visits, and the total 
number of visits for all causes was 13,876. 
These figures do not include the routine 
physical examinations. 

The health of our working population 
presents constant opportunity and challenge 
to the physician in industry, to keep pace by 
providing the best in occupational medical 
practices. 

Moperator Thank you, Dr. Mc- 
Donough. We shall now hear from Mr. 
Babb. 


Mr. Bass: I represent a group which is 
in the middle on this very subject. Our 
office is the type of organization that im- 
plements the plans that management and 
the labor committee settle in a labor con- 
tract. As soon as you have made your 
agreements we step into the picture and try 
to implement the plans that have derived 
from your having sat around the conference 
table for a long time in many cases. 

The new social conscience that we have 
developed in recent years with respect to 
taking care of our employees, both in the 
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field of industrial medicine and outside of 
it, is not necessarily a conscience that de- 
veloped for moral reasons. 


I can recall that when I was a very small 
boy, the greatest fear that my mother was 
able to put into me was that of the poor 
house. I came from a small town in Maine, 
where the poor house was the most feared 
object in all the world; it was always a mile 
out in the country, in most of those small 
towns; and you never thought of it as it was 
in the summertime with the green shrubs 
around it, but you always thought of it as it 
was in the wintertime when it was bleak 
and cold, and with plenty of snow, and of 
the people in it who were “on the town.” 
That is my most vivid memory of the 
method by which we handled indigent peo- 
ple when I was a small boy. 


We have changed, but most of our chang- 
ing came about as a result of the terrible 
catastrophe of the 1930’s when those people 
who didn’t lose most of what they had were 
lying about it. It came as a shocking revela- 
tion, I think, to many people to find that 
those people who were selling apples, and 
many of the others too, especially the older 
ones, were absolutely devoid of resources 
of any kind. It was in that kind of an 
atmosphere that the Social Security hearings 
started in Washington, in 1934 and 1935, 
and developed into the Social Security pro- 
gram of 1937. 


I don’t know that our conscience came 
from good moral reasons. It came from 
political pressures, I think. Sometimes polit- 
ical pressures are right, sometimes not. But, 
it was that background that gave us the 
Social Security legislation that we live with 
now. 


The extension of the Social Security 
legislation came about not so much as the 
result of our great conscience and our moral 
spirit, but as the result of a war. When 
World War II came along, we went into 
an era where we had an 85% excess profits 
tax, so, as an employer, anything you could 
give anybody cost you 15 cents on the dollar. 
We went into wage stabilization too, 


wherein the only way you could give a man 
a raise was to give him these additional 
benefits which were not called cash benefits. 
You will probably recall that those benefits 
had many names. I lived through the 
terminology: “supplementary wage, wage 
extras, hidden wage costs, nonwage labor 
costs.” 

Finally, the War Labor Board dubbed 
it—I think wrongly—fringe benefits; and 
that has stuck. Our moderator told you that 
approximately 115,000,000 people were cov- 
ered under some kind of protection. Ac- 
tually, there are probably over 20,000,000 
people covered under private pension plans 
today. 

So much for how we got that way. Let’s 
not flatter ourselves that our conscience did 
it. It was political expediency. A war was 
involved, too. However, we have to work 
with the results. We have to check to see 
how that pendulum is moving. It has raised 
some problems between government, man- 
agement, and labor. How is Government 
reacting to these changes? Although I 
despise the words “fringe benefits” as much 
as I think Mr. Olander does, I use it here 
because it has attained a meaning. 

The Government, which is responsible in 
great measure for the extent of our fringe 
benefits, is quite unhappy at the moment 
for the reason that these benefits come up to 
the 20% to 30% level of income; the entire 
20% or 30% is untaxed, and the Govern- 
ment doesn’t like anything it can’t tax, so 
it is beginning to take jaundiced looks at 
some of these plans. 

The employer has very mixed emotions. 
The old-guard employer, who should be 80 
years old now, and who hasn’t retreated 
from his old position, still feels that every 
man should take care of himself in all 


maters, irrespective of his health or circum- 
stances. 


The sound managers of business do have 


some fears. One of their fears is these 
so-called “pension commitments.” As you 


know, most of these companies, the large 
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ones especially, have gone into industrial 
pension plans; and an industrial plan for 
management is like a marriage. It is for- 
ever. It is like a contract for a hundred 
years, because it is signed up not just for 
today, but for a long, long time, and when 
you put 10 cents an hour into such a plan, 
you put it in from now on. So, management 
is concerned in many cases about the fixed 
commitment of a pension program that can- 
not vary with the fortunes of the company. 


Most of the big companies are not now 
owned by the men that operate them, and 
the salaried managers have mixed emotions. 
For them, there are available within this area 
of fringe benefits, if the company is big 
enough, certain types of stock options on 
listed securities that may have advantages, 
certain types of pension programs that have 
unique benefits, and certain types of profit 
sharing that have fairly unique advantages. 


I have many thousands of people insured 
through my office. Many of them are in 
industry groups. In some industry groups 
we have 4000 to 5000 persons. I have 
worked with most of these groups, and I 
am sorry to say that, for a man under 30, 
it’s his Saturday night beer money rather 
than an insurance benefit so far as his 
preference is concerned. For a man 45 
years of age and older, there is a fair degree 
of interest in group insurance, especially if 
he has a family and a very considerable 
interest in his pension program. There is 
very little interest in profit sharing, largely 
because most of the unions oppose it. I have 
friends who are union leaders, and most of 
them admit to discouraging profit-sharing 
plans, but they do hope that the day will 
come when they can take a different atti- 
tude. 

Profit sharing is a relatively long story 
that I am sure Dr. Sawyer is familiar with. 
Whether or not we are interested in these 
social benefit programs, they are with us. 

So much for the history of our new 
“social conscience,” and the tax policy that 
makes it expedient to use fringe benefits 
where we can. 
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We have two sets of problems: the social 
and the economic. The most important social 
problem that we have in this area is the 
retirement of the older people; and we have 
done a very poor job in that area because 
we don’t adequately prepare people for re- 
tirement. 

A poor old chap is retired. He is in the 
way at home all day, but where is he to go? 
Out to the office? The people there who used 
to wait on his every word are now busy, 
and they give him only a few minutes. 


A friend of mine here in Pittsburgh 
started a movement called Senior Achieve- 
ment. If it gets going, I think it will be 
very effective. It operates in a similar man- 
ner to the Junior Achievement program. It 
gives the retired worker a place to go and 
something to do, and it develops a group of 
people who have a community of interest. 


We have a lot to do, and right here, if 
we have a conscience, is the place to do it. 
We are weak in this area because in our 
democratic society we feel that every man 
should do for himself, but this is not always 
possible. However, once a man is retired, 
there are things that he can do for himself, 
and I think we can best aid the retired per- 
son by counseling and by helping him to fit 
into his community. 

If he settles in a new community, our 
job is to fit him into that new community, 
or into a group of people having similar 
problems. We need preparation for retire- 
ment, which calls for a lot of experimenta- 
tion and a great deal of work. We need to 
help the retired person discover new hobbies, 
interests, and recreations, and to enlist him 
in the community, church, and service club 
activities. He is hungry for those things, 
but people don’t pay much attention to him. 
Everybody is too busy. 

In the economic field, we have two divi- 
sions of responsibility, as I see it. We have 
the problem of the workers and their famil- 
ies; and we have the problem of retired 
persons and their spouses. The biggest un- 
filled need of the workers and their families 
is the need to cover a total and permanent 
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disability situation. Social Security is mak- 
ing a dent in that now, but only a small one; 
in a catastrophe, where one family is hit 
with thousands of dollars worth of bills, 
under medical coverage the program could 
be insured either on a compulsory national 
plan or on a private plan. 


For retired people, the greatest prob- 
lem is the medical one, but it is not the 
only problem. This problem can become a 
political football, of course, because it is 
very difficult to insure because the disability 
of old age is inevitable. When you try to 
provide an annuity for something that really 
is a disability, you are only swapping dol- 
lars. You get to the point where it is almost 
impossible to organize a program unless you 
can compel everybody to join the scheme. 
It is like flood insurance. You can’t put 
flood insurance on unless you can sell the 
man on the top of the hill as well as the 
man in the valley. You have to include 
everybody's property because the only man 
who will buy voluntarily is the man in the 
valley. 

The only man who will buy the catastro- 
phe medical scheme is the fellow who 
knows he is going to have something hap- 
pen. We have the possible method of ex- 
tending Social Security, which is not going 
to occur soon because, as of this year, the 
Social Security reserves are dropping at an 
alarming rate and there is a net loss at the 
present time. 


Under a “reserve insured approach,” the 
same method could be used as is used with 
pensions; you start with the younger man 
and build up a reserve for him that will be 
transferable, and which is tax exempt. On 
any other basis, it would be a dollar-swap- 
ping proposition. The treasury has not yet 
approved such a scheme. 

Moperator Brarir: I feel it would be 
somewhat presumptuous of me to try to 
summarize these excellent papers. Suffice it 
to say that the particular emphasis of the 
speakers has been on the national and on 
the plant level, and I think Mr. Babb was 
even able to consider the problem of the 


individual so far as the aged and retired 
employee is concerned. 


Let’s proceed now to the questions from 
the floor. Please address your questions and 
comments to a particular speaker on the 
panel. 


Dr. Harry Tesrock (Sylvania Electric 
Products Inc.): Mr. Babb, I am sure that 
all of us realize and probably agree that 
the old-age retiree is a factor of great con- 
cern in industry. However, his big problem 
is not social; it is economic, as we see it, 
particularly on the medical side. 


He needs security; he needs money; yet, 
this is a time when we take away all of his 
insurance. Now, why is it that we are not in 
a position to provide a satisfactory adequate 
rate range for people of all age groups, in- 
cluding the man 65 to 75 years of age? 


Why can’t the Act provide such coverage 
when a man becomes 65 and retires, placing 
him in a sliding descending scale of hospital 
and medical benefits so that by the time he 
gets to be 80, if he lives that long, he will 
have a basic burial factor and be able to use 
the money in between. Money seems to be 
the pressing need in the old-age group. 

Mr. Bass: I agree with you that his 
economics come ahead of his recreation, or 
he isn't going to have any recreation; that 
is certain. I am confident that the problem 
can be solved if we start now with people 
50 years of age or younger, and if we are 
able to get the national legislature to ap- 
prove a program for reserving funds during 
the working years of the man. 


At present there is no source from which 
to get such reserves the day he retires. It 
is too late then to start to set up a program 
for him unless it is a compulsory national 
program with the government coming into 
the picture further than it ever has before. 


Possibly a compromise between the two 
alternatives could be worked out whereby 
the Social Security Act could be extended 
to take care of persons over a certain age, 
and a funding device could be set in for 
younger persons, 
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Dr. Tesrock: Can't we keep this within 
industry and not bring the Government in? 
All those industries that have medical care 
service and hospital plans, it seems to me, 
should be able to work out some sort of a 
plan whereby they could set aside these 
funds. That should be part and parcel of 
the employee’s program and be one of his 
own participating and contributory factors. 

Mr. Bass: Group insurance could be ex- 
tended to include such coverage, but it has 
to be on such a basis that you are reserving 
funds. For instance, the amount you put 
into a group insurance contract today for a 
man for Blue Cross or for a privately in- 
sured plan is the amount of money that is 
going to be paid out this year, plus the 
handling charges and whatever taxes there 
are on it. Funds are used up each year as 
you go along. That is all you are allowed 
to do today. 

Legislation is needed which would permit 
putting up 120%, let us say, of today’s re- 
quirement, and keeping that up for some 
years to build a reserve, just as you do for 
an employee under his pension program; 
then, when an employee retired he would 
have a paid-up hospital and medical-surgical 
contract. I wish I had a better answer. Is 
that satisfactory? 

Dr. Tesrock: It’s not an answer. It is 
only an explanation. 

Moperator Brarr: Here is a question 
addressed to Dr. Sawyer: “What do you 
think would be the attitude or opinion of 
the International Association of Machinists 
to a hypothetical plan or situation, such as 
follows: 


“There are multiple groups or individual 
machinists throughout an area who have 
their own shops and equipment; they are 
not unionized or closely organized; and each 
is doing his work as he feels it should be 
done and is making an adequate living. Now, 
the people for whom they have been pro- 
ducing their work decide that by putting a 
small group of these machinists in one large 
plant they can obtain not only the machining 
needs for their industries but also the needs 
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which might arise for their homes, personal 
care, etc., and get all of this at a minimum 
percentage of the possible present cost. 
However, remember they would now need 
only a few of the total machinists to do, 
say, 80% of all the present work needed. 
I am sure you can see the attempted analogy 
to family or nonoccupational comprehensive 
health plans such as are being proposed.” 

Now, that sounds like one of Hal March’s 
questions, when they get to the $120,000 
question on the quiz show. 

Dr. Sawyer: I don’t know that I can 
even remember sufficiently the question. In 
fact, | don’t know that I could answer it if 
I studied it. I’m not sure of the implication 
here. Are you? 

Moperator Bratr: Would the person 
who wrote the question please clarify it? 

INQUIRER: I was trying to draw an anal- 
ogy between the machinists and the doctors. 
Some physicians are taking the idea of 
occupational or family profits and putting 
them in the group where they go for a 
certain prepaid amount. We are constantly 
hearing a loud reverberation against this— 
that this is attempted socialized medicine, 
and that it will be taking food out of the 
mouths of the families of the other doctors 
who are not associated with this group. 

I am putting the shoe on the other foot 
and trying to draw an analogy to machinists 
who are producing work, and those machin- 
ists are put in a plant to produce all the 
necessary machining, or say 80%, that is 
needed for a minimum amount. Similarly, 
a group of doctors are brought together to 
take care of all medical needs in a specific 
area. Thus, they are potentially taking away 
from the other doctors. 


How then would the machinists feel if 


their type of income was depleted in the 
same fashion? 


Dr. Sawyer: Are you a physician? 
INQUIRER: Yes. 


Dr. Sawyer: I was asked that question 
in a different form the other day, some- 
thing after this manner. Is it fair to ask 
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doctors to do more for less when workers 
very often are doing less for more? Does 
that fit your idea? 

INgurReR: Fairly closely. 

Dr. SAWYER: Well, I can’t answer it. 
That’s beyond me; I am not enough of a 
sociologist or economist. But I don’t be- 
lieve that labor wants to beat down the price 
of medical care. I do admit that they would 
like to get such care as reasonbly as pos- 
sible, but you can remember the Mine 
Workers’ program. In the beginning, the 
UMW stated again and again that they 
wanted their workers to have free choice, 
and they wanted to pay whatever fees were 
just and fair. I receive a great many letters 
from machinists, and they very seldom com- 
plain about the cost of medical care. The 
chief complaint is the quality of it, the 
indifference, the unanswered questions, 
the follow-through—also, the fact that their 
money is used up very soon, and then they 
are high and dry and don’t know what do. 

MoperaTor Biatr: Next question. 


INgutRER: Dr. Sawyer in his opening 


remarks about what labor wanted said that 
labor wants better medical care, and he made 
the point, as I understood it, that labor was 
thinking in preventive terms regarding 
medicine, and that they were seeking through 
over-all coverage the treatment of the initial 
symptom. 

Now, I have made many a house call 
where I came after the beer distributor and 
the television repairman, who required 
cash; so, I didn’t get paid. I don’t think 
this is a good reason for not going to the 
doctor. I think the more practical or more 
reasonable viewpoint would be the Blue 
Cross and Blue Shield programs, plus the 
comprehensive or the major medical clause, 
the catastrophic clause, I think Mr. Babb 
called it. 

It would seem that labor, in asking that 
every penny be paid in medicine, is de- 
manding something under the philosophy 
that it comes for nothing; and I don’t think 
that that is a very good point, that you are 
getting better medical care. I think the initial 


subject to be taken care of is with manage- 
ment. 

Dr. Sawyer: I agree with that perfectly. 
In some of these deductible insurance 
schemes, I assume they work out pretty well. 
I think the GE program has that arrange- 
ment, and I think the more catastrophic 
types of illness are causing the problem. 
I don’t suppose that answers your question, 
however. 

Inquirer: No. I just feel that the point 
wasn't very well taken. If everything is 
paid for, I agree that major medical cover- 
age should be a major part of the program. 

Dr. Sawyer: Isn’t that a fact? I am sure 
this was true with the United Ladies Gar- 
ment Workers Union. They started a pro- 
gram in New York City in 1913, I think 
it was. It was one of the first direct service 
plans for ambulatory patients. The em- 
ployees perhaps got very little in that Union 
Health Center, but it was so much more 
than they had been getting because, as you 
know, their incomes were very low. They 
were only working a part of each year, and 
when they were sick, they would go to the 
clinics. They were too often charity cases. 

When this United Ladies Garment Work- 
ers Plan was set up in 1913 the Center only 
attempted to nibble at the needs of the 
people involved, but it was appreciated. The 
program has grown; and if any of you ever 
want to see mass medicine done on a high- 
quality basis, visit the Union Health Center 
of the United Ladies Garment Workers 
Union in New York City. It serves 200,000 
beneficiaries, and does an excellent job. 

INQgurRER: Mr. Olander, do good manage- 
ment and industrial relations dictate that 
you are going to pay for all medical, surgi- 
cal, and hospital care? If not, how much 
are you going to spend? How much will 
you cover—75%, 50%, or 90%? What 
dictates your decisions as to how much you 
are going to provide for labor? 

If you decide what you're going to pay, 
then how are you going to offer cost controls 
so that neither labor, nor management, nor 
the carrier, nor the hospital, nor the surgeon 
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will abuse this privilege so that you can 
afford to pay this bill ad infinitum? 

Mr. Ovanper: I do not believe that it is 
good industrial relations practice for man- 
agement to pay all medical, surgical, and 
hospital care. I believe that employees who 
are benefited should share in this expense. 
Current practice, I believe, is quite often on 
a 50-50 basis, which I believe is fair. 

As a general rule, people are more ap- 
preciative of benefits if they share in the 
cost rather than receive the benefits on a 
silver platter from management. 

Management is called upon more and 
more to spend money on various fringe 
benefits. I dislike the word “fringe” very 
much because it is completely a misnomer. 

Management faces a very serious situa- 
tion when it is called upon to spend money, 
regardless of how worth while the cause 
might be for time not worked. This presents 
a very serious situation to all managements, 
especially if the company is publicly owned. 
Though benefits may be very desirable from 
a social point of view, the amount of money 
which should be spent this way is very 
debatable. 

We classify our company as a medium- 
sized company, yet last year we spent per 
man-hour approximately 27 cents for time 
not worked. Our total cost, including pre- 
mium time, and other monies paid for Social 
Security, etc., totaled 60 cents per man- 
hour. That is a terrific financial burden for 
any company to bear, and it may be that 
some companies are called upon to pay even 
more than we do. 

Again, let me say that setting aside cer- 
tain amounts of money to be paid to people 
for no work is a most serious situation. 
Also, with our aged group becoming larger 
and larger, it adds to the problem. 


Statistics point out how fast our popula- 
tion is increasing, and especially so in the 
older brackets. I am a little uncertain about 
my figures, but I believe they are approxi- 
mately correct. In the last 10 years, the 
25-to-45 group increased 10% ; the 45-to-65 
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group, 17%; and the group above 65 in- 
creased about 24%. So in the 10 years that 
lie ahead, the 25-to-45 group—which has 
most generally been thought of as the most 
desirable segment of our working force— 
is going to decrease 1.5% or 2%. 


Another thought to bear in mind, as econ- 
omists tell us, is the fact that our gross na- 
tional production will have to go up to 
approximately 560,000,000,000, if we are to 
maintain our present prosperity. Also they 
tell us that the work force will have to be 
increased 10,000,000 or 11,000,000. Among 
other things, this means that we must take 
a new look at the employment of people 
over 45, as well as better utilization of han- 
dicapped people. 

Going back to the problem of manage- 
ment spending money, first of all, there is 
only so much in the till. How that should 
be parceled out to various activities—such 
as research, capital investments, expansion, 
new products, wages, benefits, and setting 
up reserves—calls for much practical fore- 
sight. How much money can be spent for 
pensions, employee services, and benefits is 
debatable, because regardless how good the 
motive may be, it is still paying money out 
for time not worked. Perhaps I have di- 
gressed a bit, but I believe the points I have 
mentioned bear on the subject. 


INQUIRER: May I continue this discussion 
just a moment? I was wondering if your 
premise is correct, and I am sure that it is, 
that we are in an aging process in industry. 
How can leaders of industry justify the 
compulsory retirement at 65? And many 
companies do that. Take physicians, like 
most of us in this room. I think that most 
of us would like to believe that when we 
reach 65 we are at the peak of our abilities. 
It seems to me a deplorable waste of talent 
to take physicians and say, “Brother, you 
get over here. You start digging roses, or 
something like that.” 


Mr. OLANpeER: I find myself pretty much 
on your side of the fence. The problem of 
compulsory vs. optional retirement is a very 
difficult one. As you doctors well know, 
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there is a great distinction between physi- 
ological and chronological age. Everyone of 
us knows of some people who are old at 35, 
while others are young at 75. Ideally, each 
person’s abilities to carry on should be 
judged on an individual basis, but this is 
very difficult to do because nearly everyone 
approaching 65 feels that he is good for 
many years ahead. At least that is his 
opinion, while management may think quite 
differently. 

Those who favor compulsory retirement 
feel that it gives younger people a chance 
to progress. Those who favor optional re- 
tirement will say, as I often do, that it is 
short-sighted and wasteful not to utilize men 
and women of maturity. No one can buy 
years of experience and judgment, and 
knowledge should be at its peak in later 
years. 


If a compulsory retirement plan is put 
into effect, it is necessary to have a cut-off 
date, and also funds must be set aside sys- 
tematically. 


As a sidelight, it is interesting to see how 
some universities are adding to their facul- 
ties distinguished scholars who have been 
retired from other universities. Just think 
what it means to a student to be taught by 
one of these learned professors rather than 
by a young instructor who teaches out of 
the book. 

Another little sidelight that I believe is 
worth mentioning centers about how age 65 
was selected as a cut-off date. It is my un- 
derstanding, although I cannot vouch for it, 
that it goes back to Bismarck, who arbi- 
trarily picked the date out of the air, with 
the thought in mind that only a handful of 
people would live to be 65. At that time, 
the average life span was 32 or 33 years of 
age. 

Mr. Bass: In all the contracts in this 
country for pensions based upon labor ne- 
gotiations, only about 12% call for com- 
pulsory retirement. The average retirement 
age for the United Steel Workers, as a 
group, is some 68 years. 


Mr. OLanper: Do you have any statistics 
on the pension plan set up on a voluntary 
basis? Do most of those have a compulsory 
cut-off ? 

Mr. Bass: Yes, but with the right to 
work, reserved as an offer by management 
from year to year. 


INgurRER: Mr. Babb, can you give us the 
average cost of a medical-surgical hospital 
insurance policy coverage per year in com- 
parison with Dr. Sawyer’s figure of $50? 
That seems to be exceedingly low. I know 
we can’t do it. 

Mr. Bass: | was struck with the bargain 
he had. I thought maybe I’d like to get in 
on it, but the trouble, as Dr. Sawyer proba- 
bly knows, is the calculation for major 
medical insurance—I called it catastrophic, 
to use a generic term between major medical 
and comprehensive medical. 

The catastrophic term means all bulked 
medical insurance. The major medical 
means a class of insurance which is gener- 
ally written now in the small deductible 
and with a coinsurance clause. The catas- 
trophe coverage will probably be similar to 
that—it may have a higher deductible, but 
it will have a very high amount of coverage, 
maybe from $10,000 to $25,000 per member 
of the family. That will be the new com- 
prehensive. Now, we haven't got many of 
the unions sold on the comprehensive idea, 
and I don’t know that it includes the ma- 
chinists, but it certainly includes the United 
Steel Workers. 

They are not sold on major medical in- 
surance, and, for some reason or other, the 
attitude is along the lines of the Socialists 
of England of a few years ago, where they 
wanted to buy wigs and eye glasses and 
hearing aids, and all those articles which 
become just dollar-swapping. Why should 
you insure something worth only about $25 ? 

The man who insures it, whether it is 
Blue Cross, or a private carrier, or the 
United States Government, is going to take 
your $25 for that article, charge you a cost 
of handling it, and then give you the device 
with a mark-up. So, why insure something 
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worth $25? We should use the deductible 
principle. 

I would think that the average cost would 
be in the neighborhood of $75 to $120 in 
the average family, if you had $10,000 of 
major medical. 


Moperator think there is time 
for one more question. 


INQUIRER: It occurs to me that $50 or 
$100 per year for hospital and medical in- 
surance isn’t so much, because most people 
think nothing of paying as much each month 
on a de luxe car or other luxury item. Now, 
I am wondering if the time will ever come 
when the union will start asking that wages 
be adjusted upward to cover automobile in- 
stallments ? 


Moperator Brarr: believe the point 
made is that we buy automobiles on a time- 
purchase plan as well as hospital and medi- 
cal care. Would the time come when we 
might expect employers to adjust wages to 
cover consumer purchases? Isn’t that your 
question? Perhaps it involves a real “pie in 
the sky” dream—giving employees a Plym- 
outh or Chrysler. But I doubt if that is 
going to come within the realm of collec- 
tive bargaining. 

INQUIRER: But the point is this, that 
people find money to buy such things as 
television sets, and I wouldn’t deny them 
those things, but they can’t afford anything 
for medical care. Relatively, the cost of 
hospital and medical care is so much less 
in proportion to what they are paying each 
month for automobiles and appliances. 

Inourrer: Mr. Babb, has any work been 
done on a pension plan so that the retire- 
ment income fluctuates from the present 
level ? 

Mr. Bass: The Prudential Life Insur- 
ance Company has had a big fight with the 
Securities Exchange Commission on that 
subject. The Securities Exchange Commis- 
sion has claimed that the Prudential In- 
surance Company could not go into what 
was described as the variable annuity field 
unless they came under the control of the 
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Securities Exchange Commission; and so 
we had a trial of the issue in one of the 
Courts to determine whether or not the Se- 
curities Exchange Commission could take 
control in that matter, and Prudential won. 


On the opposite side of the argument was 
the Metropolitan Life Insurance Company. 
Here we had two big pools of wealth in this 
country, contesting whether or not the vari- 
able annuity principle should be marketed 
here. The result is that it can be marketed 
now in the District of Columbia and one or 
two of the other states. Whether it will be 
extended or not, I don’t know. 


The principle of it is probably sound. 
The basis of it is that the funds in lieu of 
being invested in what are known as legals 
will be partially invested in common stocks. 
Those of you who are in the market, or 
were in the market within the last month, 
might take a dim view of the situation at 
the moment. 


Moperator Now, Gentlemen, I’d 
like to return the meeting to Dr. Carleton, 
our Chairman; and in so doing, I should 
like to thank you very much for the privi- 
lege of being here and for your interest. 


CHAIRMAN CaRLETON: Thank you, Gen- 
tlemen, for a very interesting and illuminat- 
ing discussion. I think we can sum this up 
very quickly by saying that Mr. Blair gave 
an excellent framework within which the 
panel worked, treating the sociomedical con- 
cepts as they exist in the world around us, 
and particularly on a national or a local 
basis. 


Dr. Sawyer described his impressions of 
what labor wants and the different concepts 
in unions. He emphasized that what is 
wanted is the comprehensive and preventive 
care type, and he raised the question of ex- 
tension of in-plant medical care to out-plant 
or community care of the men and their 
families. 


Mr. Olander emphasized the basic needs 
of the whole man in relation to the responsi- 
bilities of the employer, the problems asso- 
ciated with modern industrial medical care 
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and benefit programs, the cost factors, 
fringe benefits, and so forth, and the need 
for cooperative effort to solve existing prob- 
lems in order to ward off potential dangers 
in the future. 


Dr. McDonough gave a review of the 
basic functions of a modern medical depart- 
ment which seeks to serve the best interests 
of the worker; the need for education of 
the employee as to the purposes and func- 
tions of the medical department, and the 
worker’s own responsibility in these func- 
tions ; relations between the company doctor 
and the family doctor; and a review of the 
policies and practices in effect at the Rome 
Cable Corporation in its medical program. 

Mr. Babb described his functions in im- 
plementing the agreed-upon concepts of la- 
bor and management in medicine, talked 
about the moral versus the economic and 


political pressures which have influenced the 
social changes in the past, and described 
problems resulting from freewheeling social 
benefit plans. He also discussed the mo- 
tives or motivations influencing the individ- 
ual’s interest in employee benefit programs 
as they varied with the individual’s age, and 
covered the social, economic, and medical 
problems of the retired person and _ his 
family, stressing the need for more thought 
about the totally permanently disabled 


worker and about a catastrophe insurance of 
some kind for the employed worker. 


Now, Gentlemen, on behalf of the In- 
dustrial Hygiene Foundation, I want to 
thank you for an excellent program and 
hope that we can see each other again in 
another such program as this at future meet- 
ings. 
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Mellon Institute; Douglas Soutar, Division of 
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fining Company; Andrew Kalymkow, Assistant 
Manager, Casualty Department, Association of 
Casualty and Surety Companies; Dr. Sherman S. 
Pinto, Medical Director, American Smelting and 
Refining Company; Joseph Dean Edwards, At- 
torney-at-Law, New York; Theodore C. Waters, 
Miles & Stockbridge. 
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Review of Legislative Developments in Workmen’s 


Compensation in 1957 


ANDREW KALMYKOW, New York 


We have, of course, all heard of the cer- 
tainty of death and taxes. I am beginning 
to wonder, after observing the operation of 
legislatures over the years, whether legisla- 
tive interest in workmen’s compensation is 
not equally assured, By that I do not mean 
to imply that death, taxes, and compensa- 
tion should all be placed in the same cate- 
gory, although there is some relationship 
between them. Rather, I have in mind that 
legislative interest in compensation is con- 
tinuing. Certainly, the volume of such leg- 
islation is not diminishing, and every 
legislative session, with regularity, brings 
its host of proposed amendments, both 
sound and unsound. It may be of interest 
to note that so far this year well over 700 
bills dealing with this subject have been 
introduced, and that of these more than 230 
have been enacted into law. It is apparent 
that reviewing this material presents some- 
thing of a task, in selection as well as in 
time. 

I will first refer to developments with re- 
spect to occupational diseases and follow 
with a very brief discussion of some of the 
more important enactments dealing with 
workmen's compensation generally. 

There were no completely new occupa- 
tional disease compensation laws enacted 
this year. Mississippi, where no regular 
legislative session was held, and Wyoming 
remain the only two states where compen- 
sation, in some form, is not provided for 
occupational diseases. In Montana, where a 
state pension for silicosis is in force, there 
were a number of bills considered, some of 
which proved controversial. Probably be- 
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cause of this, no occupational disease legis- 
lation was enacted. 


Penalty Clause in New Mexico 


One of the more interesting develop- 
ments occurred in New Mexico, You will 
recall in that state the compensation act is 
court administered. While compensation is 
placed at a maximum of $30 a week, there 
is a provision that the amount of compen- 
sation shall be increased by 50% if the 
injury is due to the failure to provide a 
safety device required by law or “from 
the negligence of the employer in failing to 
supply reasonable safety devices in general 
use.” The latter has been given very broad 
interpretation. There is a similar provi- 
sion for reduction of compensation for an 
employee’s failure to observe a statutory 
safety regulation or failure to use a safety 
device provided by the employer. Thus it 
may be seen that the element of fault may 
often be presented, or at least alleged. There 
is also provision for the payment of at- 
torneys’ fees by the employer in certain 
cases. It may be readily appreciated that 
the penalty clause is a litigation breeder. 


Proposed New Law Held 
Unconstitutional 


This year a completely new law was in- 
troduced. This increased benefits consider- 
ably, weekly maximum, for example, being 
increased to $42.35. The occupational dis- 
ease features were incorporated into the 
Workmen’s Compensation Law proper. 
However, it provided for a commission 
form of administration in lieu of court ad- 
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ministration, limited the safety provisions 
to those required by law or listed by the 
commission, and revised the provisions as 
to attorneys’ fees. The measure passed the 
Legislature, not, however, without contro- 
versy. It was signed by the Governor, 
who exercised a partial veto. It would ap- 
pear that this law was more desirable both 
from the point of view of employees, who 
received considerably greater benefits on a 
more equitable basis, and from that of 
industry, which expected improved admin- 
istration without the imposition of unde- 
served penalties. However, some of the 
sections vetoed created doubt as to the effec- 
tive date of the law and the date of the 
repeal of the prior law. Because of this 
fact and constitutional questions, which had 
also been raised, the Governor found diffi- 
culty in finding competent personnel to ap- 
point to the commission. Litigation arose, 
and the whole law was declared uncon- 
stitutional, by a two-to-three decision, as an 
improper delegation of judicial authority. 
This is the first time in many years that a 
complete workmen’s compensation law has 
been held unconstitutional. The decision 
appears to be contrary to the weight of 
judicial authority. A vigorous dissent was 
filed, which in part states: “Today’s deci- 
sion turns back the clock fifty years in the 
long struggle for a place in our jurispru- 
dence of administrative law. That place 
has been so firmly established that, until 
now and for many years, last past, none 
has been bold enough to renew the war on 
its existence. Truly, today’s decision sounds 
an anachronistic note in the legal bibliog- 
raphy of administrative law.” * The case 
is now pending on rehearing, but there does 
not appear to be great probability that the 
decision will be reversed. 


Extensive Amendment in Illinois 


One of the other more extensive amend- 
ments was enacted in Illinois. In that state 


Inc. et al. vs. Edwin L. Mechem, Governor of the 
State of New Mexico, Supreme Court, 
Mexico, August 30, 1957, not yet reported. 


New 
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the separate Occupational Disease Law, 
heretofore elective, has been made compul- 
sory with respect to employments which 
are compelled to come under the Work- 
men’s Compensation Act proper. That law 
is compulsory as to certain employments 
and elective as to others. Since most em- 
ployers elected to come under the Occupa- 
tional Diseases Act, this amendment 
simplifies administration of the law. The 
provision with respect to silicosis, that dis- 
ablement must occur within three years of 
last exposure, instead of one year as with 
respect to other diseases, has been made ap- 
plicable to occupational disease caused by 
atomic radiation and to berylliosis. The oc- 
cupational disease law was also amended, 
similarly to the Workmen’s Compensation 
Law proper, to increase benefits up to $45 
a week where there are four or more chil- 
dren. Provision was made for separate 
insurance of separate locations and for pay- 
ment of compensation to employees of gen- 
eral and special employers. Contributions 
to the Second Injury Fund have been 
raised. That fund was in serious financial 
straits, and provision has been made for its 
rehabilitation. 


New Provisions in North Carolina 

In North Carolina the provision relating 
to inflammation of the skin and other con- 
tact surfaces has been extended to apply 
to “other materials and substances” in addi- 
tion to those previously mentioned. This 
considerably increases the scope of this pro- 
vision. The section dealing with removal 
from employment of persons suffering 
from silicosis or asbestosis has been made 
applicable to cases where the parties agree 
to that effect, as well as instances where 
the commission so finds. This removes the 
necessity for application to the commission 
where there is no controversy on the point. 
There is also a new provision which ap- 
parently makes the prior insurer liable 
where an employee only has exposure of 
less than 30 days after coverage by such 
carrier ends. In lieu of the provision for 
compensation for heart disease by members 
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of fire departments, provision is newly made 
for compensation for psittacosis, sometimes 
known as parrot fever. This disease is not 
commonly listed in occupational disease 
schedules, being found only in the Texas 
schedule, besides North Carolina. The time 
to make claim was reduced in regular com- 
pensation cases from two years to 18 
months. In occupational disease cases the 
time limit remains at one year. 


Attempts to Provide Compensation for 
Heart Disease 


In some states attempt has been made to 
provide compensation for heart disease and 
some of the other ordinary diseases of life 
with respect to certain public employments. 
Causal relationships as to some of these at 
least might well be questioned. This year, 
in California, it has been provided that for 
full-time members of police departments or 
the sheriff’s office, the term injury includes 
tuberculosis which develops or manifests 
itself during such member's service in such 
department or office, and such disease is 
presumed to arise out of the employment 
unless such presumption is controverted by 
other evidence. With perhaps greater rea- 
son, Minnesota has added a somewhat 
similar provision with respect to nurses ex- 
posed to tuberculosis patients or tuberculosis 
materials, and a separate provision with 
respect to public laboratory workers. It has, 
however, also included policemen in_ the 
provision that myocarditis, coronary sclero- 
sis, and pneumonia were presumed to have 
been contracted while on active duty with 
respect to organized fire departments. 


New Hampshire Law Amended 


In New Hampshire the law was amended 
to provide that for the purpose of determin- 
ing the date of injury for an occupational 
disease, the date of first treatment by a 
physician shall be taken as the date of 
injury. Certain other sections of the law 
refer to disablement, and I presume that 
this new provision will not be used to deter- 
mine the date of first payment of compen- 
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sation, in and of itself. Incidentally, the 
same law newly provided for a right of 
subrogation in third party cases involving 
death. A previous court decision had held 
that there was no such right in death cases. 


Loss of Hearing Benefits Increased in 
Wisconsin 


In Wisconsin benefits for loss of hearing 
due to noise were increased. This was the 
only enactment dealing with this subject 
adopted this year. Failure to pass legisla- 
tion does not, however, indicate lack of in- 
terest. Rather it is indicative of a realization 
that there are serious problems involved 
and hasty legislation is undesirable. 


Additions to Schedule in Oklahoma 


In Oklahoma pulmonary fibrosis caused 
by coal dust not containing silicon dioxide 
has been added to the schedule. This again 
is a somewhat unusual provision. There was 
also added to the schedule “known diseases 
contracted by virtue of work connected with 
and directly traceable to fissionable materials 
and not specifically listed herein.” The law 
already had made reference to “diseased 
condition caused by exposure to x-rays or 
radioactive substances.” This language 
seems to be quite broad, and it is not clear 
just what additional exposure is intended 
to be covered by the new language. 


Legislative Attention to Radiation 
Hazards 


Radiation hazards and atomic energy gen- 
erally are receiving considerable legislative 
attention. New York has also added ioniz- 
ing radiation to its list of occupational dis- 
eases. Here again there was a previous 
mention of exposure to radioactive sub- 
stances, in addition to the broad clause cov- 
ering all other occupational diseases. This 
is indicative of the tendency to provide 
broad occupational disease coverage and 
then, in addition, try to list specific diseases. 
In that state the provision extending time 
limitations with respect to certain latent 
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diseases was also made applicable to ioniz- 
ing radiation. 

Laws relating to the regulation or study 
of atomic energy hazards were enacted this 
year in 16 states + and Alaska. The Con- 
gress, of course, enacted legislation amend- 
ing the Atomic Energy Act to provide for 
indemnity by the Federal Government to 
cover catastrophe hazards exceeding the 
limits of financial protection required of the 
licensee by the Atomic Energy Commission 
to cover public liability claims. These are 
intended to cover the improbable, but possi- 
ble, occurrence of a major incident. Ob- 
viously, increasing attention will be paid to 
this subject. It is important that regulation 
in this field be soundly conceived and not 
such as to give rise to conflicts between 
federal and state authority. 


In many of the laws providing for a study 
of this subject, reference is made to work- 
men’s compensation. This legislation and 
occasional comments that one hears, give 
the impression that these hazards require 
major revision of provisions for occupa- 
tional disease compensation. While study of 
these problems may be worth while, I do 
not believe that, from a legislative view- 
point, such hazards present, except possibly 
in degree, problems which have not already 
been presented and as a whole do not re- 
quire major revision of existing laws. 


Significant Court Decisions 


Before referring to some of the more 
important general workmen’s compensation 
amendments, I want to discuss two court 
decisions of some significance. Several 
years ago, the Court of Appeals of the 
District of Columbia in the case of Hitaffer 
vs. Argonne Company, Inc. (1950), (183 
F. 2d 811, certiorari denied, 340 U.S. 852, 
71 S. Ct. 80), held that a wife had the right 
to maintain an action for loss of consortium 
and that the District of Columbia Act, that 
~ + Arkansas, California, Colorado, Connecticut, 
Florida, Georgia, Illinois, Maine, Massachusetts, 


New Jersey, North Dakota, Ohio, Oregon, South 
Dakota, Tennessee, and Washington. 
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is, the Longshoremen and Harbor Workers’ 
Act, did not bar such an action. Recently 
that court overruled that decision, in part, 
in the case of Smithers vs. Coles, 242 F 2d, 
220, and held that such an action was barred 
by that compensation act. In a somewhat 
similar case the Supreme Court of Illinois 
reversed itself on rehearing and held that 
an action at law for impotence due to in- 
dustrial injury was barred by the Illinois 
compensation act. The Supreme Court of 
the United States, understandably, denied 
certiorari on the ground that no substantial 
federal question was involved, Moushon vs. 
National Garages, 137 N.E.2d, 842, 77 S.Ct. 
1294. 


Benefits Generally Increased 


As far as workmen’s compensation legis- 
lation generally is concerned, most of it may 
most readily be characterized as providing 
more benefits for more people. Thirty states 
increased such benefits. Many added to the 
number or type of employments covered. 


Time does not permit mention of many of 


the additional provisions. However, I be- 
lieve special mention should be made of the 
extensive amendments in Maryland, which 
were the result of the work of a Study Com- 
mission appointed by the Governor, of 
which our chairman, Mr. Waters, was a 
member. The provisions relating to the In- 
dustrial Accident Commission were revised 
and strengthened. A number of additional 
amendments include clarification of the pe- 
riod of limitations, a new reversionary period 
of 28 days, deficiency award if third-party 
recovery does not equal compensation, and 
a new provision for compromise awards. 
Satisfactory operation of the latter requires 
the exercise of sound judgment on the part 
of all interested parties. 


Important Amendments in Texas 


Several important amendments were also 
adopted in Texas. Of particular interest 
was the change in computing benefits for 
permanent partial disability. This, I believe, 
was designed to modify the method of such 
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compensation established by the case of 
Texas Employers’ Insurance Association vs. 
Holmes (1946) 196 S.W. 2d 390. Under 
that decision, in many cases, as much com- 
pensation had to be paid for partial loss of 
use of members as for the total loss of such 
member. These amendments also increased 
compensation and provided unlimited medi- 
cal benefits. It seems preferable, as was 
done in this measure, to increase benefits 
on a sound basis rather than to operate 
under a strained construction of the law, 
which results in inequitable distribution of 
benefit payments. Provisions as to attor- 
neys’ fees were also improved. Previously 
considerable spread existed between the 
amount of fees permitted on appeal and 
those permissible for proceedings before the 
Board. While such differences in part re- 
main, the spread has been reduced. The 
former provision had a tendency to en- 
courage appeals which involved a completely 
new trial before a jury. A new special tax 
of 0.25% of gross premiums was also pro- 
vided to cover expenses of administering 
the law. This is in addition to the regular 
premium tax imposed upon such premiums. 


Second Injury Fund Provisions 
Amended in Minnesota 


In Minnesota the second injury fund 
provisions were amended to provide for 
registration of preexisting physical impair- 
ments, other than scheduled injuries, under 
rules to be prescribed by the Industrial 
Commission. According to reports difficul- 
ties have been experienced in putting this 
law into operation. 


Other Important Developments 


In the State of Washington it is now 
provided third-party actions may be brought 
against employers operating under the 
workmen’s compensation act. Previously 
such actions were barred. Many additional 
laws could be mentioned. I believe, how- 
ever, I have mentioned most of the more 
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important enactments. A list of occupa- 
tional disease legislation is appended for 
ready reference. A report on compensation, 
however, would be severely deficient without 
mention of rehabilitation. This is receiving 
continuing attention. Possibly this is a field 
where the greatest advances in compensa- 
tion may yet be made. The Texas law just 
mentioned included special provisions re- 
lating to this subject. A number of addi- 
tional states have amended their laws to 
take advantage of the broadened vocational 
rehabilitation provisions of the federal act 
amended in 1954, However, the greatest 
promise of accomplishment seems to rest 
with voluntary effort. To this end, I know 
our member companies have recently de- 
veloped a detailed plan for furthering their 
own efforts in this field. Several states are 
continuing studies of this subject. It is 


hoped that advances in restoring the severely 
injured to useful occupations will continue. 


In a number of states studies of compen- 
sation laws are continuing or have newly 
been provided for. A list of these is ap- 
pended to this paper. Some are limited to 
special subjects, while others are of broader 
scope. 


Federal Legislation Not the Answer 


I started by saying that legislative interest 
in compensation is continuing. Just last 
week I saw a report of criticism of state 
systems and an appeal for federal action in 
this field. Federal legislation is not the an- 
swer. Conditions differ too much from state 
to state. However, if criticism in a par- 
ticular state is justified, study of the prob- 
lem and sound, well-considered action 
should be undertaken. Study Commissions 
are often helpful in this respect. As I have 
often pointed out, we cannot afford to be 
complacent. A number of substantial im- 
provements have been made in many laws 
in recent years. A sound, well administered 
law is a bulwark against ill-considered pro- 
posals and panaceas. 
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Summary of Occupational Disease 
Legislation—1957 


California—H. B. 3703 (Chapter 295, Laws of 
1957) effective September 11, 1957, Tuberculosis 
among members of Police Departments or Sheriffs’ 
Office. 

Colorado—S. B. 291 (Chapter 182, Laws of 
1957) effective March 13, 1957, adds bursitis, 
synovitis, and tenosynovitis to list of compensable 
diseases and increases benefits. 

Florida—S. B. 680 (Chapter 57-293, Laws of 
1957) effective July 1, 1957, amends provisions 
relating to safety and protective devices. 

Iilinois—S. B. 890 (Chapter 48, Laws of 
1957) effective July 11, 1957, extensive amend- 
ments, Occupational Diseases Act. H. B. 1396 
(Chapter 48, Laws of 1957) effective July 
11, 1957, amends act relating to factory inspection 
and education. Provides for two divisions, one of 
factory inspection, the other of safety inspection 
and education. 

Indiana—H. B. 377 (Chapter 353, Laws of 
1957) effective April 1, 1957—Occupational Dis- 
ease Benefit Increases. 

Minnesota—H. B. 284 (Chapter 34, Laws of 
1957) effective February 22, 1957, Tuberculosis 
Among Nurses. H. B. 342 (Chapter 834, Laws 


of 1957) effective April 30, 1957, myocarditis, 
coronary sclerosis and pneumonia among  police- 


men. H. B. 172 (Chapter 31, Laws of 1957), 
effective February 22, 1957, tuberculosis among 
certain public employees. 


Nevada—S. B. 49 (Chapter 219, Laws of 1957) 
effective March 26, 1957, silicosis benefits. 


New Hampshire—H. B. 84 (Chapter 187, Laws 
of 1957) effective July 1, 1957, benefit increases 
and other amendments to workmen’s compensation 
law including occupational disease provisions. 


New Mexico—S. B. 75 (Chapter 246, Laws of 
1957) new Workmen’s Compensation Law declared 
unconstitutional. 


New York—A. Int. 3685 (Chapter 938, Laws of 
1957) effective July 1, 1957—dust diseases, time 
limitations when employee continues in same em- 
ployment. S. Int. 2915 (Chapter 906, Laws of 
1957) effective July 1, 1957, ionizing radiation 
added to occupational disease schedules. A. Int. 
3344 (Chapter 411, Laws of 1957) effective April 
12, 1957, adds zirconium and ionizing radiation 
to provisions relating to time limitations for latent 
diseases. 

North Carolma-—-H. B. 216 (Chapter 299, Laws 
of 1957) effective July 1, 1957, enacts numerous 
amendments to Workmen’s Compensation Law in- 
cluding certain occupational disease provisions. 


H. B. 203 (Laws of 1957) effective July 1, 1957, 
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increases benefits including occupational disease 
cases. 

Oklahoma—H. B. 784 (Laws of 1957) effective 
May 15, 1957, adds anthracosis and diseases con- 
tracted by virtue of work connected with and 
directly traceable to fissionable material or radio- 
active material and not specifically listed to oc- 
cupational disease schedule. 

Oregon—H. B. 440 (Chapter 559, Laws of 
1957) effective August 20, 1957, Occupational 
Disease Cases—appeals. S. B. 89 (Chapter 156, 
Laws of 1957) effective August 20, 1957, inspec- 
tions by Department of Health at request of In- 
dustrial Accident Commission or Bureau of Labor. 
H. B. 12, (Chapter 718, Laws of 1957) effective 
July 1, 1957, substitutes word “injury” for “acci- 
dent” in number of places in the Workmen's 
Compensation Law. 

Pennsylvania—S. B. 809 (Act 403, Acts of 
1957) effective August 14, 1957, relates to physical 
examinations in occupational disease cases. 

Utah—H. B. 71, (Chapter 63, Laws of 1957) 
effective July 1, 1957, increases occupational dis- 
ease benefits. 

Vermont—S. B. 56 (Chapter 118, Laws of 1957) 
effective April 24, 1957, increases medical benefits 
in occupational disease cases. H. B. 222 (Chapter 
106, Laws of 1957) effective April 18, 1957, in- 
cludes injury from heart ailments in case of fire 
fighters in definition of personal injury by acci- 
dent. 

Wisconsin—S. B. 386 (Chapter 204, Laws of 
1957) effective July 1, 1957, enacts several amend- 
ments to Workmen’s Compensation Law including 
benefit increases and an extension of time for 
which compensation for occupational deafness is 
paid. 

Workmen’s Compensation Study Commissions 

Alaska—S. R. 5 also H. B. 96 (Committee 
of the Physically Handicapped) 

California—H. R. 235 

Maine—Study by Legislative Research Com- 
mittee 

Massachusetts—S. B. 747 

Michigan—S. R. 42 

Nevada—S. J. R. 13 

New York—Study by Moreland Commissioner 

North Dakota—S. J. R. 1 

Ohio—H. B. 107 (Safety Study) 

Oklahoma—Study by Legislative Council 

Oregon—H. J. R. 29 (Second Injuries) 


Pennsylvania—S. R. 25 (Occupational Disease 
Benefits) 


Rhode Island—H. B. 1057 (Second Injuries) 
Texas—S. C. R. 100 (Safety Study) 
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Atomic Energy Studies Massachusetts—H. B. 3127 
New Jersey—S. J. R. 1 
Ark —H. B. 
Ohio—S. B. 339 


Oregon—S. B. 112 
Florida—S. B. 418 and S. B. 176 South Dakota—H. B. 826 


Connecticut—H. J. R. 128 


Georgia—H. R. 24 Tennessee—H. B. 1028 
Illinois—S. B. 650 Washington—H. B. 3 


Maine—S. B. 478 60 John St. (38). 
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Heart Disease and Workmen’s Compensation 


Abstract of Medical Aspects 


SHERMAN S. PINTO, M.D., Denver 


In considering heart disease and its re- 
lationship to workmen’s compensation we 
can divide this disease category into two 
main The first is heart disease 
which is present at the time a person is 
hired, the second is disease which has been 
acquired after employment. It is estimated 
that there are approximately 5,000,000 per- 
sons with heart disease employed in Ameri- 
can industry. Heart disease which is present 
when a man is hired is principally the result 
of rheumatic fever, which is an acute illness 
that occurred at some earlier period. A 
much smaller number of preexisting heart 
cases are in the class known as congenital 
heart disease. Other causes of heart trouble 
in people before they become employed are 
insignificant so far as numbers are con- 
cerned. 


classes. 


In old rheumatic heart disease the valves 
of the heart are primarily affected. These 
valves, when they are operating normally, 
allow the blood to flow in one direction only. 
The rheumatic fever process stiffens and 
distorts the valves so that they not only 
present a partial obstruction to the normal 
forward blood flow but also fail to close 
properly and allow some blood to leak back- 
ward. This throws an extra strain on the 
heart muscle, and as a consequence the 
reserve strength of that muscle, that is, its 
ability to take on an extra load of work, 
is diminished. 


Congenital Heart Disorders 


Congenital heart disorders consist of a 
variety of structural abnormalities. In these 
cases the heart fails to develop normally 
during embryonic life, and as a consequence 
these abnormalities are present at birth. If 


they are severe, the newborn infant dies or 
lives with difficulty as a so-called “blue 
baby.” If they are less severe, the infant 
may grow and reach the age of employa- 
bility. 

When a doctor considers for employment 
a man with heart disease, he knows the man 
has less than the normal reserve strength 
in his heart. Such a person should be hired 
only for light or moderate work, and should 
not be assigned to heavy work. 

Some men with heart disease will have 
only a small amount of reserve strength in 
their heart muscle. As a result, the heart 
will fail during the course of normal living 
and the man’s life will be shortened. His 
survivors may file a claim alleging the job 
was somehow responsible for the death. It 
is often claimed that the work was too 
strenuous or simply that the work aggra- 
vated the heart condition. Medical tes- 
timony on these points frequently 
inconclusive, one group of doctors stating 
the occupation had nothing to do with the 
death, while another group states the occu- 
pation had a direct causal connection with 
the event. 


Arteriosclerosis and Atherosclerosis 


Let’s leave this medical perplexity for the 
moment and consider the second group of 
heart disease to be found in industry, that 
is, heart disease acquired after a man has 
been hired. The most frequent cause of 
such heart cases is arteriosclerosis, or “hard- 
ening of the arteries,” involving the coro- 
nary arteries. The coronary arteries supply 
the heart muscle with blood and when they 
become diseased the supply of life-giving 
blood to the heart muscle is diminished. 
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This results in weakness and even death of 
a portion of the heart muscle. Disease of 
the coronary arteries is so important that 
we should give it particular attention. In 
this disease deposits of a fatty material 
called cholesterol accumulate within the in- 
side lining layer of the arteries. These de- 
posits cause the diameter of the artery to be 
diminished and result in a roughening of 
the inside of the artery. A blood clot may 
form on one of these roughened areas and 
in a variable length of time become large 
enough to plug the artery. When this hap- 
pens, the section of heart muscle which re- 
ceives its nourishing blood supply from this 
artery will die. Later new blood vessels 
will grow into the damaged area and scar 
tissue will form in that section of muscle. 


This deposit of cholesterol in the lining 
layers of a blood vessel is called atheroscle- 
rosis, and can affect any artery in the body. 
Today we are talking about that disease only 
as it affects the heart. 


During the past 10 years a great deal of 
research work has been done on this disease, 
stimulated to a large extent by the American 
Heart Association. This work seems to 
show that atherosclerosis is probably a dis- 
ease due to one or more definite genetic, 
biochemical, mental, hormonal, dietary, or 
other factors, and is not just a result of 
growing old. Autopsies done on _ healthy 
young men killed during the war in Korea 
showed a surprising number of them even 
in their early 20’s to have had a recogniz- 
able amount of atherosclerosis in their coro- 
nary arteries. 


Fifteen years ago doctors were very 
cautious about returning men to work after 
a coronary attack. With the improved meth- 
ods of treatment now available many men 
are able to work again and have many years 
of useful life. 


Frequency of Coronary Attacks 


It is estimated there are at least 1,000,000 
coronary attacks per year among the in- 
dustrially employed people of the United 
States. Of this group 800,000 will survive 
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the first attack, and about 400,000 will re- 
turn to some type of gainful work.! 

Figures compiled by the Metropolitan 
Life Insurance Company in one study show 
that 7 out of 10 people who have had a 
coronary heart attack will live 5 years 
or more, 5 of the 10 will live 10 years or 
longer, and 3 of them will live 15 years or 
longer.2. These figures give an idea of the 
size of the problem in this country when 
the question of. rehabilitation and reemploy- 
ment are considered. 

In these days when skilled labor is at a 
premium we cannot afford to lose this large 
group of mature, well-trained men from the 
labor force. Every effort must be made to 
see that their employability is maintained. 
As the average age of our population in- 
creases we shall probably see an even larger 
group of people suffer from heart disease 
than we see at the present time. 


High Blood Pressure 


The second most common type of heart 
disease among employed people is a second- 
ary result of high blood pressure. There are 
several different causes of high blood pres- 
sure, but simply because of the increase in 
pressure, the heart is forced to push the 
blood around against greater than normal 
resistance. This results in an enlargement 
of the heart muscle, and, if continued long 
enough, will eventually cause the muscle to 
fail in its job. This so-called “heart failure” 
is usually gradual in onset and is to some 
extent foreseeable on the basis of blood 
pressure readings, age, etc. 

There are other causes of heart disease 
in adults, but their total number is so over- 
shadowed by the two types already men- 
tioned that we can leave them out of this 
consideration, 

In a number of the larger cities clinics 
have been established during the last few 
years for evaluating the amount of heart 
disease a person has and telling him in 
rather specific terms how much work he 
can do. These clinics are of particular in- 
terest to industry since they will help in- 
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dustry place its skilled workers in suitable 
jobs after heart attacks. We believe that a 
person after a heart attack should be em- 
ployed in a job which does not overtax him. 
This is important medicine and helps to 
keep him a useful citizen instead of allow- 
ing him to become an unnecessary heart 
cripple. 

These facts all suggest that a larger group 
of people in the older-age category will be 
the source of more heart cases. Improved 
medical care will keep more of these heart 
cases alive, and so industry will be asked to 
furnish more jobs to these people. Industry 
has been reluctant in many instances to 
furnish employment for workmen suffering 
from cardiac disorders, and the reason com- 
monly given is fear of increased industrial 
insurance costs. 


The Heart Case as a Compensation 
Problem 


A rough idea of what this cost has been, 
and the size of the problem, is shown by 
these figures. In the State of Washington 


the average cost of compensation for heart 
disease during the past 10 years has been 
$500,000 per year.* And this is a state 
which does not have a large industrial popu- 
lation. 

In New York State an average of more 
than $4,000,000 is paid every year for 
compensation of heart case claims. This is 
4% of the total amount awarded for all 
compensation claims each year.* The aver- 
age case of permanent and total disability 
due to heart disease in New York State re- 
ceives an award of approximately $20,000. 

In Wisconsin an average of 19 fatal in- 
jury cases per year have been reported to 
the Industrial Commission as having been 
caused by a heart attack.® On an average, 
two cases per year were compensated. 

In California an average of 146 heart 
case compensation claims are filed per year.® 
Some payment is made to approximately 
three-fourths of these claims. 

Figures showing the size, extent, and cost 
of this problem on a national basis are not 
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available, and we must be content with these 
rather sketchy statistics from some of the 
more industrialized states.7 


Let us now turn to the heart case as a 
compensation problem. As a general basic 
principle, we can say it is not the intent 
of compensation laws to provide benefits for 
those who happen to fall sick at work, nor 
are the laws and judgments intended to 
deny compensation when it is justified. 
Rather, they are to furnish help to those 
persons who suffer injury or disease arising 
out of and in the course of their employ- 
ment. Court decisions in cardiac cases have 
strayed so far from the original objectives 
of workmen’s compensation that a former 
chairman of a state Industrial Accident 
Board said, and | quote, “Now, indeed, em- 
ployment of itself appears to constitute an 
injury. Giving a man a job seems to be 
equivalent to doing him, physically, a dis- 
service.” 

Often a person who has suffered a heart 
attack during his working hours will file a 
claim for compensation, or, if the attack 
should prove fatal, a claim will be filed by 
his survivors. During the hearing, one 
group of doctors will say the heart attack 
was caused, or could have been caused, by 
the work; another group will say the work 
had little or nothing to do with the attack. 
This is the same difficulty we noted in re- 
gard to deaths occurring among employed 
persons who die from rheumatic heart dis- 
ease. The question then is how can we 
doctors help you lawyers and the compensa- 
tion commissioners get a less equivocal 
answer. 

As we look at compensation claims which 
are filed for heart attacks, it is seen that 
most of them are considered to be personal 
injuries, and this forms the basis for the 
claim. In other words, the claim is made 
that unless some specific incident had oc- 
curred there would have been no heart at- 
tack. This means a medical opinion is 
needed to show if there was any relationship 
between the alleged injury and the heart 
attack. There is no common law which 
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declares a claim for any particular type of 
heart disease should or should not be al- 
lowed. Since the courts make no claim to 
medical knowledge and the application of 
that knowledge, it means the practice of 
medicine is left to the doctors. 

What, then, can be said about the ob- 
jection many doctors raise that opposite 
decisions are given in cases which are quite 
similar in nature. The only answer is that 
the application of the law is based on the 
facts which are presented. When the facts 
are medical opinions expressed by a number 
of medical men of varying degrees of train- 
ing and experience, it is easy to see how 
these opinions may be at variance. Before 
going further we might describe a hypo- 
thetical case to show the kind of problem 
under consideration. Our typical worker is 
about 60 years old, in apparent good health, 
and has been on the same job for 20 years. 
He does semiskilled labor and in the course 
of his duties takes a wheelbarrow load of 
scrap to the dump at the end of his shift. 
On the day of his attack, he complains of 
“indigestion” to his fellow workers after 
lunch and again during the afternoon. He 
is worse after his routine wheelbarrow trip 
and goes right home, where he dies that 
evening of a “coronary.” A claim is filed 
alleging that the exertion of his work was 
responsible for his death. Let us keep this 
unfortunate but rather common type of 
problem in mind and see how medical 
opinion has evaluated somewhat 
cases. 

In California® a careful study of heart 
case claims was made for the four-year 
period, 1948-1951. Court records were 
abstracted and given to five medical men 
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TABLE 1.—Amount of Agreement Among Reviewers 
for Cases Where Three or More Reviewers 
Say Information Is Sufficient 


Number of Reviewers Number 
greeing of Cases 
Out of 5 Reviewers 
5 47 
Majority { 4 only (31.0%) 85% 
3 only 125 (39.29) 
No majority (only 2 agree) 48 (15.0%) 
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Taste 2.—Amount of Agreement* of Reviewers 
with Themselves as to Work Causation 
or Aggravation 


First Second 
Opinion Opinion 
46 42 


* For 101 cases sent to same reviewer twice. 


for review. It should be clearly understood 
this study was made after the cases had been 
settled and did not influence the final de- 
cision in any case. Rather, this was a study 


Tarte 3.—Extent of Change in Second Opinion 
for Cases Classified as “Positive” by First Opinion 


First Second 

Opinion Opinion 
46 34 


of certain medical aspects of heart case 
compensation claims. 

Table 1 shows the amount of agreement 
among the five reviewers when three or 
more of them said sufficient medical infor- 


TasLe 4.—Extent of Change in Second Opinion 
for Cases Classified as “Negative” by First Opinion 


First Second 

Opinion Opinion 
3 


mation was available. This shows a ma- 
jority of the reviewers agreed in 85% of 
the cases. 

Next, the reproducibility of medical 
opinion was studied. In Table 2 are seen 
the results of sending cases to the same re- 


Tasie 5.—Association of Reviewers’ Group 
Judgments with Industrial Accident 
Commission Awards * 


Majority Judgment 


No 
Positive Deeision Negative Total 
Industrial Accident 
Commission award 
Money awarded 127 28 8S 243 
Money not awarded 18 8 50 76 
Total 145 36 138 319 


* All reviewed cases with sufficient information. 
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viewer twice. Further analysis of the figures 
on which this table is based show the re- 
viewers judged 70% of the cases the same 
way in both reviews. 

The two most important categories to 
consider are those labeled “Positive” and 
“Negative” in Table 2. Let us now see 
what happened to the “Positive” cases when 
they were reviewed a second time. In Table 
3 we see the reviewers changed their opinion 
in 12 of the 46 “Positive” cases, putting 4 
of them in the “Indefinite” category and 8 
in the “Negative” category. 

In Table 4 are shown the changes made 
when cases labeled “Negative” were re- 
viewed a second time. On the second review 
nine cases were removed from the “Nega- 
tive” category; six of them were called 
“Positive,” three “Indefinite.” 

Table 5 shows the relationship between 
the judgment of the reviewing physicians 
and the award made by the Industrial Acci- 
dent Commission. Since the Labor Code 
requires the Commission to give a liberal 
construction of the law in extending compen- 
sation benefits to persons injured in the 
course of their employment, it is appropriate 
to interpret indecision on the part of the 
medical reviewers as being favorable to the 
claimant. With this in mind we find agree- 
ment between the Commission Award and 
the majority judgment in the categories 
labeled “Money Awarded” and “Positive,” 
“Money Awarded” and “No Decision,” and 
“Money Not Awarded” and “Negative.” 
These three categories add up to 205 cases 
out of a total of 319. Thus there is agree- 
ment between medical reviewers and Com- 
mission in 64% of these cases.® 


A Fertile Field for Litigation 


The variation in medical opinions ex- 
pressed, with the resultant unpredictability 
of final legal decisions, makes the heart case 
in industry a fertile field for litigation. 


Litigation on this basis means that there 
is no rational standard for assessing the 
facts. Consequently cases are tried on an 
emotional basis rather than upon the basis 
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of scientific fact. Since the applicant is 
often a widow badly needing economic re- 
lief, the emotional factor is accentuated. 
This is distasteful both to the widow and 
to the employer. If the claim is ultimately 
disallowed, the widow, who has been sub- 
ject to false hope, now is cruelly disap- 
pointed. When an employer receives an 
adverse decision based primarily on an emo- 
tional appeal, his only defense is not to risk 
the employment of a person susceptible to 
heart attacks. 

What, then, can be done to bring order 
out of the confusion with which we seem 
to be saddled. As has been stated before, 
sound medical testimony is necessary to 
furnish the opinions on which the legal de- 
cisions are based. It is only proper that 
each case have the benefit of the very best 
medical opinion available. Doctors who 
specialize in diseases of the heart are the 
ones who have the most advanced knowledge 
in the field. They are interested in and 
keep abreast of advancing knowledge re- 
garding causative factors as well as methods 
of treatment. Those doctors who are not 
heart specialists usually concentrate on keep- 
ing up with advances in the treatment of 
heart disease but do not pay too much at- 
tention to the field of causation. It is in 
the field of causation that we need the very 
best scientific knowledge. 


Expert Panel Plan 


In order to see that each compensation 
claim for heart trouble gets the best medical 
opinion we favor the method commonly 
called the Expert Panel Plan. According to 
this plan, a panel of specialists in heart dis- 
ease would be chosen on a state-wide basis. 
They would establish criteria for the con- 
sideration of heart cases by defining in exact 
language the terms commonly used.® 

Each heart compensation case would be 
reviewed by two members of the panel to 
whom all previous work records and medical 
records would be made available. In addi- 
tion, each man would make his own medical 
examination of the claimant. 
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These doctors should thoroughly under- 
stand that they are not being called upon to 
support or oppose the claim. Their only 
duty is to study the case and give an im- 
partial, objective medical opinion regarding 
the relationship between the activities of the 
workman in his job and his heart attack. 
Each doctor would then furnish the court 
with a detailed report of his medical opinion 
of the case. 

This report should be in nontechnical 
language so far as possible. In nonfatal 
cases the report should state in what em- 
ployment the workman could be placed 
without further physical harm to himself. 

If the case should be contested, the mem- 
bers of the panel would be called for cross 
examination, They should not be called, 
however, in support of or in opposition to a 
claim. Their testimony should be unbiased 
and designed primarily to assist the court 
to arrive at a correct judgment. 


By this means the correctness of the fac- 
tual foundation on which the court would 
base its decision would be established. 

Among the benefits of the Expert Panel 


Plan are these: 

1. The medical opinion would utilize the most 
advanced knowledge in the cardiac field. 

2. The medical opinion would be expert, and 
would be based. on complete data in each case. 

3. Such expert medical opinion almost certainly 
would be unbiased. 

4. The medical opinion is obtained before con- 
troversy develops, and must be made available to 
all parties affected by it. 

5. Such a plan does not deny due process of 
law. 

The Expert Panel Plan has had a fair 
trial as an operating procedure in Utah, and 
the Chairman of the Industrial Commission 
recently stated that it is highly satisfac- 
tory.'° About 10 years ago Utah established 
a panel of experts to review the medical 
aspects of occupational diseases. The con- 
clusions of the panel are presented to the 
Industrial Commission as an expert opinion, 
and the Commission is not bound by law to 
follow that recommendation. As heart dis- 
ease cases with all their complexities came 
before the Commission, a need for impar- 
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tial, unbiased expert advice was apparent. 
As a result a separate panel of experts to 
consider only heart disease was established. 
Mr. Otto Wiesley, Chairman of the Utah 
Industrial Commission, said figures of cases 
handled were not immediately available but 
felt more claimants received awards when 
the Expert Panel Plan was used than had 
been the case before the institution of the 
Panel Plan. 


Other methods have been suggested for 
the handling of cardiac compensation prob- 
lems, and they are mentioned so that you 
may get a more complete picture. One or 
more of these methods could well be used 
in addition to the Expert Panel Plan, but 
we advocate the Expert Panel Plan as the 
basic improvement which should be made 
first. These other plans * are as follows: 

1. Second Injury Fund. This principle may be 
developed for wider use in heart disease compensa- 
tion, but so far it has not been of particular value. 


In New York State the Fund was made applicable 
in only one case between 1945 and 1953. 


2. The Waiver. In the field of heart disease 
compensation, a waiver is not a practical proposi- 
tion. This results from the fact that in many 
cases death benefits are involved, and such benefits 
cannot be waived by an employee. They are the 
survivor's statutory right and they do not become 
the survivor’s until the worker’s death. 


3. Limited Payments. Such a plan is legislatively 
impractical because people will not give up what 
they now have. It would also tend to make all 
claims automatically payable. 


4. Substitutive Insurance. This scheme would re- 
move cardiac cases from workmen’s compensation 
as a personal injury and put it in the field of group 
health insurance. As you can see this raises 
questions about the social aspects of compulsory 
health insurance. 


In summary, we can say the Expert Panel 
Plan will assure the mobilization, in a medi- 
cal way, of all the factual information and 
scientific knowledge available in doing jus- 
tice in the individual case. Furthermore, it 
can be implemented within the structure of 
existing law, as it is in agreement with the 
principles of compensation law. In brief, 
this plan would result in the application of 
advanced medical knowledge to each indi- 
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vidual case to produce as accurate and con- 
sistent results as that knowledge permits. 


803 First National Bank Building (2). 
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Until the phenomenon of aggravation ap- 
peared on the medical-legal scene, defense 
of compensation claims was deemed a rou- 
tine chore—in effect, a clerical function. It 
was believed that claims could be handled 
by telephone, eliminating investigation or 
use of special counsel, under rules of cause 
and effect which were easy to come by, 
relatively easy to apply. 

Under the impetus of the nation’s amaz- 
ing business growth, however, the insurance 
industry found itself furnishing needed 
coverages never before envisioned. It also 
found itself faced with increasingly inade- 
quate claims management. 

The theory of aggravation was quickly 
embraced by those administrators whose 
trusted position as judge and jury is twisted 
by their belief that votes accrue in equal 
ratio to the size of compensation awards 
indiscriminately handed out. 

Aggravation was also warmly welcomed 
by segments of the medical profession whose 
medical concepts have become chameleon- 
like and increasingly sensitive to the mone- 
tary rewards which easy medical conscience 
can yield. 
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It was equally welcomed by groups within 
the legal profession who parlayed these 
facets into a most lucrative specialized 
practice—and naturally encouraged and 
abetted the further development of this 
beneficient climate. 

Aggravation was accompanied by activa- 
tion and acceleration. In a claims environ- 
ment where cause and effect were only 
occasionally disputed and quickly resolved 
on definitive standards and evidence, the 
entry of these three A’s proved well-nigh 
catastrophic. Every biological and patho- 
logical change of hypertensive, rheumatic, 
congenital, and arteriosclerotic heart disease 
suddenly became a charge upon industrial 
society and its insurance stand-in, which 
first displayed annoyance, then indignation, 
now alarm. 

The annoyance phase was characterized 
by an attempt to temper the situation 
through amicable disposition. The amica- 
bility was short-lived. 


The indignation phase quickly ensued, 
spurred by increasingly avid demands for 
benefits in seemingly invalid claims. Con- 
tests resulted. From them came “compensa- 


443 


tion law by court decision’”’—and eventually 
some jurisdictions began accepting normal 
every day job exertion as an aggravating 
factor in the presence of either known or 
unrecognized disease. Several important 
factors escaped notice: (a) the dearth of 
knowledgeable claims talent; (b) the poor 
and ineffectual defense handling from in- 
vestigation, claims, and legal levels; (c) the 
growing “nice-guyism” within a medical 
profession tending more and more to allow 
unsubstantiated and cobwebby medical testi- 
mony to go but weakly challenged. 


Based on poor and, quite often, insuffi- 
cient records, indignant appeals were taken 
—without benefit of cooler, less biased, less 
emotionally involved review. Appeals courts 
accept what they find—they will not intrude 
into an assembled record. 


In the midst of the indignation phase, 
rehabilitation of the compensable cardiac be- 
came confused with attempts for a monetary 
settlement . . . reputable physicians began 
to “choose sides.” . . . Impartial medical 
panels were a bonanza one day and a 
calamity the next. . . . The gray became 
lost in the definitive search for that which 
is white or that which is black. 

We are now in the alarm phase. How 
can a brake be placed on the insatiable 
heart? How can we avoid an era of em- 
ploying only those without a scintilla of 
clinical or laboratory evidence of artery dis- 
ease? How can we equate reason, con- 
science, and good medicine with sound 
administration of workmen’s compensation 
laws? In essence, how can we be reasonably 
certain to arrive at equitable decisions com- 
pensating only that portion of artery 
disability for which industry should be re- 
sponsible ? 

We look with dismay and defeatism on 
increasing volumes of decisional law which 
serve to nullify reasonable efforts to defend. 
Industrially, by association action, we 
seek to modify malpractice of conscience, 
medicine, law, and administration via 
amendments to the law of each separate 
jurisdiction. In labor unions, the far- 
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sighted seek to deter this increasingly en- 
croaching tide by pointing to the flow of 
industry to areas where the administration 
of compensation laws is not based on the 
mistaken notion that loose housekeeping of 
society’s resources equals continuance in 
political power. 

The work of these groups has resulted 
in interesting studies and suggested reme- 
dies. We are directed to the Nebraska Plan; 
the Utah Plan; various studies of union and 
employer groups. We are indebted to uni- 
versity studies such as those presently un- 
dertaken by Stanford University, as well as 
to the continuing study by the Moreland 
Commission in New York. We look for- 
ward to the study to be conducted by Cor- 
nell University in connection with the New 
York Workmen’s Compensation Board at a 
contemplated cost of $130,000. 

But there is no one solution to the prob- 
lem, which increasingly portends an eco- 
nomic pratfall. To those who plead that 
medical criteria can be the solution, we 
submit that this is important as an aid— 
but not as an answer. Criteria thus far es- 
tablished are definitive only in areas which 
are black or white. In the vast gray area 
of aggravation, available criteria may only— 
and at best—be a guide. 

Our office recently studied 255 heart cases 
—a trickle in the flood of coronary claims. 
Of these, 240 cases—more than 96%— 
were based on claim of aggravation, activa- 
tion, or acceleration of underlying coronary 
disease. Only 15 cases were found to be 
either black or white—and thus subject to 
available and recognized criteria. 

While we seek more definitive and uni- 
versally acceptable criteria, we must simul- 
taneously demand the formation of truly 
impartial panels of medical specialists to 
achieve a review of a physician’s testimony 
by his medical peers—without divesting the 
administrative agency of its quasijudicial 
power of decision. 

With the development of criteria believed 
reasonable by reasonable men, we can sup- 
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port equally reasonable amendments to our 
existing compensation statutes. Every claim 
must be expertly investigated ; every aspect 
of the past and present activity, except oc- 


cupational, inquired into; competent medi- 


cal examinations must be secured, and the 
medical specialist selected should have the 
benefit of all of our knowledge of the claim 
and any hospital files available. On such 
proper basis, legitimate claims will be paid. 
Of equal necessity is that they be followed 
up to insure true rehabilitation. 
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In a situation of reasonable doubt, de- 
fense must not be a half-hearted resort to 
the defeatist-minded, but there must be ex- 
ploration of all avenues of lay and medical 
inquiry. 

Only by grouping of these segments, only 
by the realistic awareness that every pro- 
fessional and individual effort is necessary, 
only by the conscience that should guide 
labor-management relations, will the alarm 
phase of the cardiac problem be satisfac- 
torily resolved. 


144 John St. 


RICHARD D. HOAK, Ph.D., Pittsburgh 


More people are talking about pollution 
control than ever before, and the talk is not 
limited to meetings of technical and con- 
servation organizations. Interest in this 
ramified subject has been generated by di- 
rect experience and by popular articles rang- 
ing from the authentic to the inflammatory. 
Legislation is a frequent result of public 
dissatisfaction, because there is a general 
belief that a law can fix anything. Twenty- 
odd years ago the public became aroused 
about stream pollution and inspired the pas- 
sage of laws to curb the misuse of a great 
natural resource. This surge of legislative 
activity has not yet spent itself; old laws 
continue to be amended, and new laws are 
passed that reflect technical progress in 
varying degrees. Demands for legislation to 
control air pollution have become as fren- 
zied in some sections of the country as those 
for stream pollution control a generation 
ago. 


Species of Pollution Have Common 
Denominators 

Air and water pollution are notably dis- 
similar in some respects, but they have a 
number of points in common. The most 
significant correspondence between the two 
is the paucity of dependable technical data 
on the specific effects of particular factors 
and combinations of factors. Both affect 
human environment, but the effects of air 
pollution are usually inescapable, whereas 
exposure to polluted water can generally 
be avoided. Although sampling and analyt- 
ical techniques are often similar for the 
two kinds of pollution, instances of stream 
pollution have the advantage of being con- 
fined to fixed channels. Air pollution usually 
affects localized areas more or less uni- 
formly, but its effects are modified by topog- 
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raphy and meteorological conditions which 
introduce variability factors that are diffi- 
cult to evaluate. Natural sources of pollu- 
tion contribute effects which have been 
inadequately recognized in both fields. The 
potential socioeconomic results of wide- 
spread insistence on legislation to control air 
pollution suggest that it would be wise to 
review current measures for controlling 
stream pollution. A comparison of similar- 
ities and differences in the two fields may 
be helpful in guiding legislators to the 
adoption of rational regulations. 


Priorities of Use Depend on Local 
Conditions 


Measures to control water pollution gen- 
erally assume the premise that there are well- 
defined priorities of water usage, and that 
uniform quality criteria can be based upon 
the requirements of these various uses. It 
is universally agreed that water for domestic 
supply must have the highest priority. But 
there is no unanimity when an attempt is 
made to rate the relative importance of 
industrial, navigational, recreational, irriga- 
tional, and other uses. This is to be expected, 
because local conditions and interests will 
govern the assignment of values to second- 
ary uses of water. Subordinate uses imply 
that water of poorer quality than for 
domestic supply will satisfy the need. There 
is only a rough parallel between this condi- 
tion and air pollution. Everyone would pre- 
fer to breathe pure invigorating air, just 
as everyone would like to see clear spar- 
kling water in all streams, lakes, and rivers. 
Such desires could be satisfied if it were not 
for economics. Unfortunately, there is a 
tendency in some quarters to improve water 
quality beyond that which the economy can 
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justify, and this is likely to be a factor in 
air-pollution control as well. 


Assimilative Capacity Is an Economic 
Asset 


Streams are capable of inoffensively as- 
similating a large amount of waste material 
if they are not overloaded. In this respect 
they are an important economic resource. 
Indeed, in nearly every case, it would be 
improper not to denote the receiving water 
as the final stage of a waste-treatment 
process. Streams assimilate organic ma- 
terial through biochemical digestion and in- 
organic salts by dilution. That is, natural 
processes reduce the concentration of ob- 
jectionable substances to a level at which 
they no longer interfere with water use. 
The situation is rather different with air 
pollution. An atmosphere containing pol- 
lutants is periodically purged by displace- 
ment with clean air, but this occurrence 
cannot be predicted with certainty every- 
where. Topographic features and meteoro- 
logical vagaries sometimes play strange 
tricks, e.g., when pollution from a given 
source suddenly begins to affect an area 
many miles distant while remaining unap- 
parent over the intervening distance, or 
when an inversion layer traps pollutants 
long enough to cause serious physiological 
effects. Also, photosynthesis has been shown 
to convert mixtures of relatively innocuous 
substances into highly toxic material. Phe- 
nomena of this sort make it very difficult 
to lay down any general rules for control 
of air pollution. 


Innocuous Pollutants May Create 
Hazards 


Synergism and antagonism are recognized 
as factors in water pollution. These terms 
describe the enhancement or the lessening 
of the effects of one component in the 
presence of one or more other components. 
The mechanism which causes these effects 
is only vaguely understood. Here is another 
likely similarity to air pollution. Except 
under unusual conditions, concentrations of 
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dust, smoke, sulfur dioxide, hydrofluoric 
acid, etc., are too low on smoggy days to 
account for the physiological effects that 
occur. It would thus seem that these effects 
result from two or more presumably in- 
nocuous constitutents operating synergisti- 
cally. 

The role of sunlight is apparently quite 
different in the two fields. Photosynthesis 
stimulates the growth of aquatic plants and 
thereby provides much of the dissolved oxy- 
gen required for aerobic dissimilation of 
organic matter in streams. But Haagen- 
Smit has shown that sunlight causes ozone 
to react with hydrocarbon vapors to form 
exceedingly toxic peroxides and ozonides. 
Possibly there are other photo effects which 
may be harmful or beneficial. 


Certain Pollutants Have a Natural Origin 


It is as difficult to define “pure” water 
as to define “pure” air; what may be ad- 
judged purity in one locality may not be 
so considered in another. No natural water 
is pure, in the laboratory sense; the solvent 
action of water steadily leaches substances 
from the ground over which it flows or 
through which it percolates. The natural 
origin of stream “pollutants” is currently 
the subject of a number of research projects. 
It is broadly recognized that most of the 
substances that cause tastes and odors in 
drinking water derive from decaying vege- 
tation or algal blooms. This is especially true 
in the Far West where industrial activity 
cannot be held responsible. Industrial wastes 
undoubtedly have contributed highly un- 
pleasant flavors to water in various locali- 
ties, but industry has often been blamed 
when Nature was the real culprit. Likewise, 
an enormous amount of silt is carried to 
streams by runoff from rainfall. There has 
been some reluctance to evaluate the per- 
formance of equipment for removal of 
suspended solids in terms of net, rather than 
gross, recovery. The unfairness of taxing 
recovery equipment with removal of sus- 
pended solids present in the raw water is 
gradually being accepted. Natural streams 
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also carry many kinds of nonindustrial or- 
ganic and inorganic substances that affect 
water quality. The contribution of natural 
emanations to air pollution is more tenuous 
and may well be a negligible factor except 
under uncommon conditions. Summer haze, 
which appears to result in part from release 
of terpene-like substances from vegetation, 
has some of the characteristics of smog. 
But air pollution that causes unpleasant 
physiological reactions is always associated 
with metropolitan or industrial activity. 


Evaluation by Bioassay 


Bioassay is a method which is gaining 
popularity for measurement of water pollu- 
tion. A count of the number and species of 
micro- and macroorganisms yields an index 
of pollution and provides a method for eval- 
uating the rate of stream self-purification. 
There is a somewhat analogous technique 
available for visible indications of air pol- 
lution. Various plants are quickly damaged 
by air pollutants, and examination of such 
vegetation furnishes a reliable measure of 
dangerous conditions. A guide not available 
in water pollution control is visibility. 
There appears to be a good correlation be- 
tween visibility and the degree of air pol- 
lution. 


Does Pollution Affect Public Health? 


Although control of water pollution is 
almost universally vested in state depart- 
ments of health or commissions associated 
with them, it is questionable whether water 
pollution has a significant effect on public 
health. It is true that interruption of chlo- 
rination may result in enteric disease, that 
some viruses and bacterial spores are re- 
sistant to normal chlorine concentrations, 
and that aquatic sports in water polluted by 
sewage are potentially dangerous. But vital 
Statistics do not show that people are less 
healthy where public water supplies are 
drawn from polluted streams; this means 
that modern water purification practice can 
cope adequately with changing conditions. 
It is axiomatic that the public must be pro- 
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tected against water-borne disease, but some 
proponents of stringent water-pollution con- 
trol legislation have emphasized health haz- 
ards as a means for imposing regulation of 
factors devoid of health aspects. Esthetics, 
community decency, and water conservation 
provide excellent reasons for controlling 
water pollution; honesty demands that these 
considerations be employed to promote 
sound programs rather than a devious re- 
sort to red herrings. 


The public health aspects of air-pollution 
control are quite different. If health be de- 
fined as a sense of well-being, instead of 
mere absence of disease, then an atmosphere 
contaminated with smoke, dust, or smog can 
be regarded as not conducive to euphoria. 
Several episodes have shown that severe air 
pollution can cause disabling disease and 
death, but the effects of long-range exposure 
to mild pollution remains conjectural. Some 
investigators have implied the logically spec- 
ulative conclusion that inspiration of minute 
amounts of air contaminants over a long 
period probably has an adverse effect of 
health. They are usually careful, however, 
to point out that epidemiological data to sup- 
port this*conglusionzare lacking. A similar 
feeling has often been expressed about in- 
gestion of trace constituents in water, but, 
here too, convincing data are not available. 


Control of Pollution with Quality 
Criteria 

The administration of pollution controls 
is undoubtedly difficult, but the problem has 
often been compounded by promulgating 
unrealistic regulations, either by statute or 
by quasijudicial agencies. A popular method 
has been to limit the concentration of var- 
ious constituents in waste water discharges. 

Effluent standards greatly simplify the 
task of the engineer seeking violations, but 
they do not necessarily achieve the desired 
objective of optimum water quality control. 
In the first place, effluent standards are cus- 
tomarily uniform for an entire state. This 
insistence on uniformity is quite irrational 
because it bars any consideration of the 
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volume or quality of the receiving water. 
As a result, the standards are needlessly 
stringent in some instances and too lenient 
in others. Secondly, basic knowledge of the 
effects of specific pollutants on water quality 
is so meager that there is, with few excep- 
tions, no sound basis for definite limiting 
concentrations. A recent Gordon Research 
Conference on stream sanitation concluded 
that scientific data were not yet available 
to establish sound quality criteria, except in 
a few cases and to a limited extent. 

Unfortunately, the paucity of data fre- 
quently results in setting excessively strict 
limits. For example, one state prohibits dis- 
charge of cyanides or cyanogen compounds 
in any amount whatsoever. Such a require- 
ment recognizes neither the relative innocu- 
ousness of the cyanates and some complex 
cyanides, nor the decomposition of cyanides 
by bacterial action, nor the survival of fish 
in concentrations of free cyanide below 
about 0.05 ppm. The reasoning which led 
to this prohibition probably was as follows: 
Cyanide is a poison and therefore harmful, 
so the safest course is to keep every trace 
of it out of streams. A safety factor car- 
ried to such an extreme becomes an index 
of ignorance. It also exemplifies economic 
frivolity. The cost of removing various sub- 
stances from water rises exponentially as 
concentrations approach zero, and any re- 
moval not justified by local conditions is 
tantamount to squandering public, as well 
as private, funds. In fairness it must be 
admitted that the fear of cyanide may have 
prompted the decision to eliminate it com- 
pletely from effluents. Fish kills from acci- 
dental discharge of cyanide are usually 
front-page news. But the regulation should 
have included a provision that, where an ap- 
proved process for destruction of cyanide 
is installed and the operation is properly 
protected against accidental spills, the 
amount of free cyanide discharged should 
not exceed the quantity assimilable by the 
receiving water. 


Effluent standards are gradually being 
supplanted by stream standards, whereby 
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concentrations of specific substances are lim- 
ited to appropriate values after admixture 
of the waste with the receiving water. This 
device takes advantage of the assimilative 
capacity of streams and thus legitimately 
utilizes an economic resource. Stream stand- 
ards are defensible as the best method yet 
developed for maintaining the water quality 
specified for particular downstream uses. 
The procedure will naturally be self-defeat- 
ing if uniform standards are chosen arbi- 
trarily for all streams in a state; the 
principle of the stream standard is to select 
quality criteria that will protect a point of 
use, whether this represents a waterworks 
intake or a recreational area many miles 
long. Where streams carry a heavy load of 
pollution from numerous sources, and local 
conditions must be improved, it becomes 
necessary to apportion assimilative capacity 
by limiting the amounts of substances in in- 
dividual discharges, so that only a prescribed 
fraction of stream capacity will be utilized. 
It is customary in such cases to credit ex- 
isting facilities with the degree of waste 
treatment already being provided. 


Pollution Is Generally a Local Problem 


Water pollution is essentially a local prob- 
lem, and its control should be governed by 
local conditions. Sometimes, however, a 
given locus of pollution may affect water 
quality for many miles downstream. Also, 
pollution of interstate streams may affect 
the interests of several states. Air pollu- 
tion generally has only a local effect, but 
there are instances of pollutional effects 
many miles from the source, and sometimes 
intervening territory is skipped. There are 
many examples of interstate effects of air 
pollution. 


Current methods of water-pollution con- 
trol bear a potential analogy to procedures 
that may be adopted for controlling air pol- 
lution. Most state legislation in this field 
gives enforcement agencies the authority to 
adopt regulations, and experience with wa- 
ter-pollution control should serve as a cau- 
tion to those who may be thinking about 
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setting concentration limits for various air 
pollutants. This is not to suggest that limits 
are improper per se, but rather that infor- 
mation is not at hand for setting them in- 
telligently. 


State Antipollution Laws Vary Greatly 


State laws applicable to water pollution 
differ greatly in comprehensiveness; they 
range from provisions in the general stat- 
utes for dealing with nuisances, destruction 
of fish and game, and danger to public 
health, to very elaborate laws with regula- 
tions governing every aspect of pollution in 
minute detail. Although the laws of the sev- 
eral states cannot be neatly grouped into 
precise classes, they fall into three broad 
types. Thirty states have comprehensive 
antipollution laws governing both domestic 
sewage and industrial wastes; these gen- 
erally delegate authority to commissions 
which usually operate within departments of 
health. Control of pollution is vested in the 
departments of health of 11 states, while 7 
rely on miscellaneous general statutes. The 
requirements of the various laws differ, but 
several kinds of provisions are significant. 
The Table shows the number of. states 
which require submission of plans for waste 
treatment works and which issue permits, 
provide authority for promulgating rules 
and regulations, and authorize standards of 
water quality. 


Summary of Requirements of Various States 
Concerning Water-Pollution Control 


Dept. of 
Health 


Commission 


Require plans, issue permits 25 7 
Rules and regulations 17 7 
Standards 18 1 


It is notable that only 22 states impose 
specific fines for violation of antipollution 
laws and that the fines range from $3 to 
$3000. The smaller fines were written into 
law many years ago. The laws frequently 
specify that each day a violation continues 
constitutes a separate offense. States which 
do not have specific fines for noncompli- 


450 


ance generally have recourse to statutes 
governing nuisances or misdemeanors. 


Some New Laws Have Profited 
from Technical Advances 


Several recent state laws appear to have 
been influenced by technologic advances 
and by experience with the legislative ap- 
proach to stream-pollution control. Instead 
of writing a law which attempts to cover 
every possible contingency, the legislators 
have wisely provided for adopting appro- 
priate control measures based upon the 
merits of individual cases. This kind of 
enlightened legislation permits the enforce- 
ment agency to exercise professional judg- 
ment in abating pollution. No two instances 
of water pollution exhibit exactly the same 
features, but where inflexible regulations 
form a part of the law the engineer cannot 
legally modify them to suit a particular 
case. Where legislation is too strict for 
literal enforcement it has become customary 
to avoid the letter of the law by euphemism. 
Once an unduly restrictive law has been 
passed, it becomes almost impossible to alter 
it realistically, because of strong pressure 
from hunting and fishing clubs and con- 
servation organizations. These groups ap- 
parently perceive no connection between 
water pollution and the industrial activity 
that creates the standard of living that 
gives them steadily increasing opportunities 
to enjoy aquatic relaxation. This criticism 
by no means implies that communities and 
industries should be allowed to discharge 
their waste waters without restraint. Every 
state needs a strong, basic law to control 
pollution, but statutes should guarantee that 
measures adopted for the purpose will 
properly serve the best interests of every- 
one within the economic framework of the 
areas affected. It would be unrealistic to 
expect pristine purity in streams draining 
industrial regions, but neither should the 
degradation that has occurred in so many 
places be allowed to persist. The primary 
purpose of legislation should be to protect 
those streams still undefiled and to bring 
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about a genuine improvement in those al- 
ready overburdened. 


More Fundamental Research Is 
Urgently Needed 


Lack of knowledge of the specific effects 
of air- and water-borne material is the 
principal impediment to rational control of 
pollution. It is widely recognized that a 
great deal of difficult research will have to 
be done before there will be practical un- 
derstanding of presumed causes and ap- 
parent effects. But research is often a slow 
process and its results are not always ac- 
cepted with enthusiasm. Pollution control 
has been managed on a rule-of-thumb basis 
for such a long time that new approaches 
are resented because they disrupt comfort- 
able thought patterns. Criteria of water 
quality are, with few exceptions, quite 
speculative. Long acceptance of certain of 
these speculations has made them untouch- 
able because time has dignified them with 
the aura of scientific fact. It is bromidic to 
say that almost anything could be accom- 
plished if there were enough money and 
talent. If these two essentials were abun- 
dantly available, the very low limits set for 
some pollutants might be excusable. But 
even this prosperous nation must have a 
proper regard for economic reality. In- 
dustry is highly competitive, and the public 
complains about its heavy load of taxes. 
Environmental improvement must be paid 
for by the public, and it is necessary to ask 
how much improvement an area can afford. 
This is not a cynical attitude. The question 
merely points up the real fact that it is im- 
practical to keep air and water completely 
pure everywhere. 


An Empirical Approach to Pollution 
Control 

Research on various aspects of pollution 
is going forward in many institutions and 
company laboratories, but pollution abate- 
ment cannot stand still until scientific con- 
clusions have been reached. In view of our 
scanty store of dependable data it there- 
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fore seems only reasonable to attack the 
problem empirically. An appreciable pro- 
portion of water pollution from industrial 
sources arises from careless practices. A 
considerable amount of valuable material is 
thoughtlessly flushed to sewers, and notable 
reductions of pollution have resulted from 
correction of bad habits. Thus the first step 
in a control program should be improved 
housekeeping coupled with feasible process 
changes to decrease the amount or kind of 
waste. This first step is equally applicable 
to many air-pollution problems. 


Gross pollution is painfully evident in 
many places. Streams sometimes carry a 
large amount of flotant or suspended mat- 
ter. Much of this can be removed by fine- 
screening, a step that would ordinarily be a 
part of an elaborate waste-treatment proc- 
ess. If the suspended solids were too fine 
to be screened out efficiently, they could be 
separated in a subsidence basin or a me- 
chanically cleaned clarifier, with or without 
chemical coagulation. Similarly, the inten- 
sity of a heavy pall of smoke or dust 
might be decreased by improved combustion 
practice or separation of raw-material fines 
prior to processing. If this proved to be 
insufficient, gas-scrubbing or electrostatic 
precipitation might be required. 

Excessive organic matter damages streams 
by placing a greater load on them than can 
be met by its dissolved oxygen resources. 
This material can be treated effectively in 
one or another kind of biooxidation proc- 
ess. Emissions from manufacturing plants 
often contain organic vapors or gases which 
cause an odor nuisance or which may be 
toxic in themselves or in combination with 
other substances. These might be stripped 
from the gas and treated as an aqueous 
waste, or they might be burned, with or 
without a combustion catalyst, or they might 
be adsorbed on a suitable medium. 


The foregoing represents an incremental 
procedure for pollution control whereby 
minimal but essential steps are taken first, 
followed by increasingly elaborate measures 
until the desired local conditions are at- 
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tained. Sufficient time should be allowed to 
elapse between steps to permit an assess- 
ment of the improvement before succeeding 
steps are taken. This procedure would re- 
quire a minimum of survey work and would 
accomplish the objective at the lowest cost. 
At the same time it would avoid speculative 
conclusions about the degree of pollution 
abatement a local situation might be as- 
sumed to require. This plan may be criti- 
cized as nonscientific, but most other 
methods are pseudoscientific at best. In 
any case, this is merely a stop-gap proposal 
for effecting a reasonable degree of pollu- 
tion control until adequate scientific data 
become available. It may also be said that 
the plan might be acceptable in principle, 
but that it is unworkable in any practical 
sense. The obvious response would be that 
no plan will be effective unless there is a 
genuine desire to make it so; certainly 
many current methods for pollution control 
have been less than outstanding successes. 


Are Health Departments Logical 
Agencies for Air-Pollution Control? 
Autherity to control water pollution has 

traditionally resided in state health depart- 
ments, largely because present legislation 
has evolved from early laws for protection 
of public health. There is a real question 
whether air-pollution control should auto- 
matically gravitate to health departments, or 
if the public interest would be served more 
effectively by local air-pollution control dis- 
tricts with a state agency providing coopera- 
tion and technical services. Surely the areas 
affected are more aware of their discom- 
forts and capabilities than any state agency 
could be. It has been estimated that a 
population of at least 100,000 is necessary 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


for an effective control district, and small 
communities would thus not possess the re- 
sources to deal with the problem. Perhaps 
this difficulty could be overcome by reserv- 
ing local control to districts large enough 
to function effectively, and permitting con- 
trol at a higher level upon request by a 
majority of those affected. In the light of 
experience with water-pollution control it 
would be unwise, I think, to consider legis- 
lation which would fix arbitrary concentra- 
tion limits on a state-wide basis. 


Education and Research Are Essential 
for Rational Control of Pollution 


The correspondences between water and 
air pollution should be useful in drafting 
legislation for rational control of air pollu- 
tion. Extensive research is necessary to 
resolve complex problems in both fields, be- 
cause there is no doubt that restrictions on 
discharge of pollutants will become much 
severer than they are today. Education of 
management, worker, and public is probably 
as important as research in correcting the 
abuses of pollution. Degradation of streams 
and fouling of the atmosphere cannot be 
legislated out of existence. These are societal 
problems that are a natural consequence of 
industrial economy. Exasperating technical 
and economic questions will continue to 
arise. They can be answered best by coura- 
geously facing the facts, accepting scientific 
and economic realities, and avoiding those 
emotional excesses that make clear thinking 
impossible. 

This paper has been a contribution from the 
Multiple Fellowship the American Iron and Steel 
Institute has sustained at Mellon Institute since 
1938. 
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The Role of Interim Legislative Study Commissions 


THEODORE C. WATERS, Baltimore 


In all legislative sessions of the various 
states, a great number of bills are intro- 
duced for the purpose of effecting amend- 
ments to the workmen’s compensation 
statutes. Upon their introduction, these bills 
are referred to various committees, either 
in the Senate or Assembly, where they are 
subject to public hearing and consideration 
by the committee to which they have been 
referred, with a report upon each particular 
bill to the legislature. Normally a great num- 
ber of these bills die in committee, but an- 
nually countless bills reach the floor of the 
respective legislative chambers and many be- 
come enacted into law. The impact of such 
legislation has a far-reaching effect upon 
industrial relations in our present-day eco- 
nomic and industrial development. 

The workmen’s compensation statutes 
now effective in all of the states of the 
Union and in Federal jurisdictions admin- 
istering the Longshoremen’s and Harbor 
Worker’s Compensation Act, together with 
the Federal Employees’ Compensation Act, 
are the subject of review by our legislators 
at every legislative session. Resulting from 
commission or court decisions constructing 
these sections, bills are introduced to effect 
changes therein. The subject matter of this 
legislation is highly technical, and the pro- 
posed change applicable to a given section 
may have effect upon other sections of the 
law as a whole. During my professional 
career, it has been my privilege to testify 
before legislative committees, to study rec- 
ommended legislative changes on behalf of 
clients interested therein, and to have served 
in my own State of Maryland upon four 
interim legislative study commissions ap- 
pointed by governors of the State of Mary- 
land. At the present time, I am serving 
upon such a committee appointed by Gov- 


ernor McKeldin in 1956 and believe it will 
be of interest to describe the work of our 
commission, which is similar in its nature 
to those commissions appointed in other 
states—to which reference will be made 
during the course of my remarks. 


Revision of Compensation Laws in 
Maryland 

Since workmen’s compensation legisla- 
tion affects the interests of employees, em- 
ployers, insurance carriers, self-insurers, 
and state administrative agencies created to 
administer the law, it is needless to say 
that economic conditions call for and re- 
quire a conStant revision of these laws. 
The question arises as to the method by 
which an intelligent approach may be made 
to accomplish the objective of procuring 
amendments that may best serve the in- 
terests of the public welfare. On the com- 
mission on which I am presently serving, 
the Governor appointed a former industrial 
commissioner of the State of Maryland as 
the chairman, a representative of labor, a 
representative of insurance carriers, a rep- 
resentative of self-insurers, and two coun- 
sels identified with the interests of claimants. 
Upon organization of the commission, the 
chairman assigned to each member the laws 
of various other states for study and com- 
parison with the law of the State of Mary- 
land. Thereafter, public hearings were held, 
advertised in the press, at which any per- 
son or corporation was invited to appear 
to give to the commission any information 
that they believed would be of value to our 
studies. Thereafter, on behalf of the com- 
mission, the chairman invited certain spe- 
cific groups to send representatives to these 
public hearings, including the members of 
the present State Industrial Accident Com- 
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mission of the State of Maryland, the 
personnel of the commission’s office, repre- 
sentatives of labor, representatives of in- 
dustry, representatives of insurance carriers 
and self-insurers’ organizations, representa- 
tives of the medical profession, and repre- 
sentatives of the U. S. Department of 
Labor. We had the benefit of statistical 
data and information with respect to the 
technical provisions of our law, the bene- 
fits payable to injured employees, with com- 
parative data as to that existing under the 
laws of other states, the types of laws and 
their insurance requirements, coverages for 
occupational diseases, provisions for medi- 
cal benefits, and maximum benefits for tem- 
porary total, permanent partial, permanent 
total disabilities, and death benefits for 
widows and dependent children. Simply 
to mention the foregoing provisions is in- 
dicative of the enormous task that faced 
and still faces our commission in its con- 
tinuing study of the revision of the work- 
men’s compensation law of our state. We 
were requested to report to the Governor 
and@ the Legislature at the recent 1957 legis- 
lative session. Owing to limitation of time 
it was simply impossible to cover all the 
subject matter of our study. We sub- 
mitted two reports to the Governor: (1) a 
report dealing with the proposed reorgani- 
zation of the commission, and (2) a report 
dealing with the proposed amendment of as 
many provisions of the law as were possi- 
ble, including recommendation for increases 


of benefits. 


Reorganization of Commission 


With respect to the first report, our com- 
mission was concerned with the organiza- 
tion of the present State Industrial Accident 
Commission and the tremendous backlog of 
cases that have piled up owing to lack of 
full-time hearing commissioners. Under 
the present Maryland law, commissioners 
receive a salary of $6000 (the Chairman, a 
salary of $6500) and engage in law prac- 
tice independent of their work for the Com- 
mission. We recommended the creation of 
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a new commission, including five members, 
to be appointed by the Governor with the 
consent of the Senate, to serve full time, 
subject to the qualification that they would 
not engage in any other profession during 
their term in office. The term of office of 
commissioners was extended for a period 
of from 6 to 12 years with staggered terms ; 
the salaries were increased from the pres- 
ent figure of $6000 to $12,000 per annum 
($12,500 for the chairman) and all com- 
missioners were required to devote full time 
to their assignment. With respect to the 
second report, the chairman made every ef- 
fort to reach unanimous agreement upon 
as many sections of the law as would be 
possible and to recommend increases of 
benefits to grant to the insured worker in 
our state benefits comparable to, or more 
than, those in other states on the Eastern 
seaboard, with whom Maryland is in com- 
petition. While there was some disagree- 
ment among the members of the commission, 
we were finally able to reach substantial 
agreement upon these points. 

As is typical in statutes dealing with 
workmen’s compensation, continuing studies 
must be made, and it is the purpose of our 
commission to make recommendations for 
further changes. 

I mention this simply to indicate the 
enormity of the task facing any legislature 
when a tremendous number of bills is 
dropped into the hopper for the purpose 
of procuring amendments to the law. There 
is simply not enough time in any given 
legislative session for careful, studious con- 
sideration to be given to all bills so intro- 
duced. Furthermore, insofar as_ public 
hearings are concerned, it frequently hap- 
pens that bills of this type may be referred 
to one or several committees of each house 
of the legislature, with resulting confusion 
as to time of hearings and the effect of the 
action of a given committee upon legisla- 
tion pending before another committee. 


Wisconsin’s Advisory Group 


I believe that I am correct in stating that 
the State of Wisconsin originally conceived 
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the idea of the designation of an advisory 
group to be appointed by the Industrial 
Commission with representatives of labor, 
the Manufacturers’ Association, the Cham- 
ber of Commerce, the Canners’ Association, 
and three insurance representatives. This 
advisory group meets with the Assistant 
Attorney General in charge of compensa- 
tion, the Director of Compensation of the 
Industrial Commission, and the three com- 
missioners, At each legislative session, this 
committee agrees upon legislation to be in- 
troduced and enacted, and as a matter of 
practice the agreed bill, as introduced, is 
passed by both houses and signed by the 
Governor. Minnesota and Illinois have 
adopted a similar program. Experience in- 
dicates that this method is perhaps one of 
the best and most effective to assist the 
legislature in the enormous program that 
it faces when considering amendments to 
workmen’s compensation legislation. Work- 
men’s compensation legislation is technical, 
and a given bill to amend a given section 
may have a far-reaching effect upon the 
entire law. Therefore, any legislative com- 
mission should consider the experience of 
other states in dealing with certain prob- 
lems under the law before reaching any 
specific conclusion or making a recommen- 
dation as to the amendment of the law. 
Every interest affected should have the op- 
portunity to be heard, and the interim legis- 
lative study commission fills the useful 
purpose of enabling persons with conflicting 
views to meet around the table and attempt 
to resolve their differences without passion 
or prejudice. 

There are a number of legislative com- 
missions now in existence, to which brief 
reference should be made. They include the 
following: Alaska, Massachusetts, Michi- 
gan, Pennsylvania, Oregon, Rhode Island, 
Nevada, New Jersey, Oklahoma, Missis- 
sippi, and Maine. Limitation of time does 
not permit detailed discussion of the activi- 
ties of these commissions. However, this 
is indicative of the fact that the role of 
study commissions is being favorably con- 
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sidered in our industrial states and that this 
practice may be of great assistance to legis- 
lative bodies in this specialized field. 


Interim Study Commissions 


The role of study commissions is deter- 
mined by the method of appointment. Some 
are appointed pursuant to the powers vested 
in the Governor; others result from spe- 
cial joint resolutions of legislatures and are 
limited to the particular powers thereby 
granted. However, I submit the following 
recommendations in summary form relating 
to the proposed organization of any interim 
study commission: 

1. Organization —The commission should 
include representatives of every group di- 
rectly affected by the proposed amendment 
of any given workmen’s compensation law, 
including labor, management, all forms of 
insurance, the administrative agency, and 
public health officials. 

2. Hearings.—lf possible, public hear- 
ings should be held to permit anyone advo- 
cating a given amendment the opportunity 
to publicly present his cause. 

3. Comparative Study of Laws in Other 
States —Careful study should be made of 
the laws of other states, particularly of 
those industrial states that are in competi- 
tion with the given state. 


4. Agreed Recommendations.—lf_possi- 
ble, agreement should be reached as to 


proposed recommended changes. If this 
cannot be accomplished, majority and mi- 
nority reports of the commission should be 
submitted. 

5. Legislative Action —The report of the 
study commission should be made available 
to the members of the legislature prior to 
the legislative session, and careful consid- 
eration should be given to its report. How- 
ever, the interim study commission should 
not purport to usurp the function of the 
legislature itself and should simply serve as 
an aid or guide to the various committees 
to which legislation would be assigned for 
hearing. In assigning hearings upon bills 
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recommended by the study commission or 
introduced at the instance of other parties, 
care should be taken by the chairman of the 
legislative committee to provide full hear- 
ings where any conflict of interest may 
arise. 

The interim study commission cannot and 
should not serve as a substitute for the leg- 
islative power vested in the legislature. 


However, the use of such commissions may 


bring to legislative committees desired in- 
formation and result in the preparation of 
bills that are better designed to serve the 
public interest, thus resulting in more effec- 
tive and intelligent legislation upon this im- 
portant subject. 


10 Light St. (2). 
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The Functions of Industrial Relations Departments 


Pertaining to Workmen’s Compensation 


(A Panel Discussion) 
Moderator: JAMes L. 
Workmen's Compensation Section, 

Ford Motor Company 


P. J. Wurraker, M.D. 
Medical Director, 
Allis-Chalmers Manufacturing Co. 
Hucu M. JAcKson 
Manager, Industrial Health Progran_ 
Johns-Manville Corporation 


Legal Conference panel discussed the subject 
of “The Functions of Industrial Relations Depart- 
ments Pertaining to Workmen's Compensation.” 
Left to right: Hugh M. Jackson, Manager, In- 
dustrial Health Program, Johns-Manville Corp. ; 
Otto A. Wiesley, Chairman, Utah Industrial 
Commission and Labor Relations Board; Dr. P. 
J. Whitaker, Medical Director, Allis-Chalmers 
Manufacturing Co.; James L. Hill, Workmen’s 
Compensation Section. Ford Motor Company, 
Moderator; and E. A. Cowie, Vice President, 
Hartford Accident and Indemnity Co. 


Moperator Hit: It is a distinct privi- 
lege and honor to welcome you to this 
Legal Conference of the Industrial Hygiene 
Foundation. 

This is your conference; the program has 
been arranged for your benefit. We urge 
you to participate in the discussion. If you 
have a problem, bring it out, let it be ex- 
amined. It is possible that you might get 
the solution. We sincerely hope that you 
will get some ideas here this afternoon that 


E. A. Cowie 
Vice President, 

Hartford Accident and Indemnity Co. 
Orto A. WIESLEY 
Chairman, Utah Industrial Commission 
and Labor Relations Board 


you can use to good advantage in your daily 
work. 

The Workmen’s Compensation Law is 
essentially an employer's liability law. It is 
a substitute for the common law and em- 
ployer’s liability act method for determin- 
ing liability for industrial injuries. 

Under the Compensation Law the ques- 
tion of fault or blame for the injury is not 
raised, since the cost of work injuries is 
considered a part of the expense of pro- 
duction. The employee's right to benefits in 
the event of injury is based on the fact of 
employment. Under the most satisfactory 
arrangement, ihe remedy should be almost 
automatic. 

The workmen’s compensation system was 
designed to provide a prompt, simple, and 
inexpensive method for the handling of 
claims of injured employees. 

In taking the administration from the 
courts and placing it in the hands ot an 
administrative tribunal, the framers of the 
law intended that the procedure would be so 
simple that the injured employee in most 
cases would receive the benefits specified in 
the Law without litigation. 

It was also expected that a simplified 
administrative procedure would reduce the 
costs to all parties. 
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In reality, the obligation to administer 
the program was placed in the hands of the 
employers and the insurance companies. 
Theoretically, the work of the administra- 
tive tribunal was limited to supervision and 
to the adjudication of what was expected 
would be only a small percentage of the 
claims. 

In fact, it was intended that the program 
would be practically self-operative in most 
of the cases; however, we find that the 
Workmen’s Compensation Law has become 
increasingly complex and intricate, with 
many inconsistencies and controversial fea- 
tures. This is the inevitable result of fre- 
quent and haphazard amendments to the 
original law. 

For example, in Michigan alone, there 
have been 196 amendments to the original 
Workmen’s Compensation Law, so is it any 
wonder that a law designed to operate rather 
informally is now the source of many ad- 
ministrative problems, much controversy, 
and involved hearings? 

In fact, we have about reached the point 
where administrators, lawyers, and even so- 
called experts do not understand many of 
the provisions of the Workmen’s Compen- 
sation Law. 

If the practice of amending the Work- 
men’s Compensation Law _ indiscriminately 
at practically every session of the legislature 
is not stopped, the basic purpose of work- 
men’s compensation, a simple, inexpensive 
remedy, will be completely lost. 

I think that the employers and the insur- 
ance companies who are responsible for the 
operation of the workmen’s compensation 
system must assume the leadership in a 
move to have the Workmen’s Compensation 
Law and procedures so streamlined that it 
can be self-operating in most of the cases, 
as the framers intended. 

Now this will require a recodification of 
the law—no small task, though I think it 
can be accomplished by the joint efforts of 
labor and industry, working through a 
study committee or an advisory committee 
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of the type in effect in many states, includ- 
ing Wisconsin, Maryland, and Michigan. 


I strongly urge that employers and insur- 
ance companies and their representatives 
give this matter very careful consideration. 

An effective workmen’s compensation sys- 
tem must provide the means for the volun- 
tary payment of claims with a minimum of 
supervision by the administrative tribunal. 
The procedure should be so simple that pay- 
ment can be almost automatic, and the em- 
ployee only required to endorse the check. 

The employer and insurance company 
must recognize the obligation to pay com- 
pensation and to pay it promptly. 

Any investigation should be immediate, 
and for the purpose of determining whether 
the employee is entitled to compensation, 
and not to find a reason for denying the 
claim, 

The employee should be educated by 
the union and the employer to exhaust every 
possible effort to have the claim adjusted at 
the plant level before employing counsel and 
filing a formal claim. 

Certainly a formal hearing should not be 
necessary to adjust most of the permanent 
partial disability cases. This type of claim 
seems to be an ever-increasing factor in 
our workmen's compensation cost, no 
small part of which is the litigation cost. 
This cost can be reduced immeasurably to 
the benefit of both the employee and em- 
ployer if such claims can be handled on 
an informal basis. 

The formal claim and hearing should be 
used only as a last resort after all other 
means of adjustment have failed, particu- 
larly in the cases of permanent partial dis- 
ability. 

The workmen’s compensation program is 
an integral part of the employer’s industrial 
relations program. As such, it should be 
consistent with that program and should 
be used to promote a harmonious employer- 
employee relationship. 

If the employee gets the benefit of the 
doubt on other problems, then he should 
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get the benefit of the doubt on workmen’s 
compensation problems. 

A fair and realistic approach to work- 
men’s compensation problems will pay divi- 
dends in good employee relations and in the 
long run will reduce the cost to the em- 
ployer. 

The employer has a right to, and should 
expect, competent advice on the handling 
of workmen’s compensation matters from 
his counsel and the carriers’ counsel if the 
employer is insured. 

The preparation for trial and the trial 
of a compensation case is not the only 
responsibility of counsel. He must under- 
stand the employer’s policy regarding em- 
ployee relations and use this policy as a 
guide in the handling of claims. He should 
try to adjust claims in a manner consistent 
with that policy. His work should be co- 
ordinated with that of the industrial rela- 
tions staff; otherwise, one may tear down 
that which others have tried hard to build, 
namely, a good employer-employee relation- 
ship. 

If formal claims are filed in cases where 
payment should have been made voluntarily, 
it is the duty of counsel to recommend cor- 
rective procedures to limit rather than to 
encourage litigation. 


Workmen’s compensation is a legal system 
of liability, so the adversary proceeding has 
a definite place in the system, but it should 
be used only in cases where there is real 
merit to the dispute and not to harass or to 
cause the employee hardship. 


Just a few words about the procedure 
this afternoon. First, each of the members 
of the panel will make a short statement; 
then, we'll start our discussion with the 
prepared questions which have been dis- 
tributed. 

There will be a period for questions and 
answers from the audience. Please don’t 
hesitate to ask questions or to criticize the 
opinions expressed by any members of the 
panel. 


Our only request is that when you ask 
to be recognized and are recognized, that 
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you give your name and the company you 
represent, and that you limit your remarks 
to two minutes. 

Medicine plays the most important role 
in the workmen’s compensation system. It 
has been estimated that workmen’s compen- 
sation administration is 80% medical. Ob- 
viously the medical director of a large 
company has a tremendous responsibility 
for the development of a complete medical 
program and coordinating it with the work- 
men’s compensation program and other em- 
ployee programs. 

We are very happy to have with us this 
afternoon Dr. Paul J. Whitaker, the Medi- 
cal Director of Allis-Chalmers Manufactur- 
ing Company. 

Dr. Whitaker received his premedical and 
medical education at the University of 
Pittsburgh. 

He took his postgraduate training in oc- 
cupational medicine at the University of 
Cincinnati, where he received the degree of 
Doctor of Industrial Medicine. 

He has been certified by the American 
3oard of Preventive Medicine in Occupa- 
tional Medicine. He is a member of the 
medical advisory subcommittee to the ad- 
visory committee, Industrial Commission, 
State of Wisconsin, on the problem of noise- 
induced hearing loss, a problem of increas- 
ing importance to all and 
carriers. 

Dr. Whitaker has been the Medical Di- 
rector of Allis-Chalmers Manufacturing 
Company for six years. It is a real pleasure 
to present Dr. Whitaker. 

Dr. Wuitaker: My remarks will be 
largely limited to the functions of the medi- 
cal department and the handling of work- 
men’s compensation claims. These will 
include interrelations between medical and 
other industrial relations departments, only 
as these pertain to medical functions. 


employers 


Perhaps the most important function of 
medical personnel in the handling of work- 
men’s compensation claims is to insure 
proper medical treatment, and particularly 
rehabilitation. All too often treatment is 
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forgotten or neglected for the period of 
time during which claims are disputed. 


It has been stated that rehabilitation of 
the injured worker starts with the injury 
and ends only on the patient’s return to 
employment with maximum utilization of all 
of his remaining skills and ability. Re- 
habilitative measurements, once _ started, 
should be effected vigorously and continu- 
ously until this final goal has been reached. 
A disputed claim should not be allowed to 
interrupt this program, and, in my opinion, 
it is the medical personnel who must see 
that this does not occur. 

In those states wherein the payment of 
medical bills is not prejudicial to the settle- 
ment of the disputed claim this problem is, 
of course, much simpler. A good relation- 
ship between compensation and group in- 
surance departments, whereby either can 
be reimbursed for payment erroneously 
made, is extremely valuable in continuing 
necessary medical treatment during litiga- 
tion. If either or both of these conditions 
are not possible, medical and industrial re- 
lations departments must look for and find 
other solutions; otherwise, rehabilitation will 
not be complete. 

A second function of medical personnel 
in handling of workmen’s compensation 
claims is, of course, interpretation of medi- 
cal reports. Legal and compensation per- 
sonnel are ordinarily not physicians, and 
while they may have unusually good under- 
standing of medical terminology and_pro- 
cedures, it is a function of the medical 
department to write its own reports and to 
interpret others’ reports in language which 
can be understood and interpreted properly 
by those responsible for the settlement of 
claims. 


In this connection, medical reports, to 
be complete, must include at least a history; 
results of the physical examination; lab- 
oratory examinations, 


including x-rays; 
diagnosis; treatment 


rendered; concise 
measurement of functional or anatomical 
losses, and a summary. Anything less is 
incomplete and may be misleading to those 
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responsible for the settlement of the claim. 

Company medical records, are, of course, 
the responsibility of the medical department 
and may prove to be a deciding factor in 
the disputed cases. It is vital, therefore, that 
all medical records be complete as to the 
time and date of injury, history of the 
accident causing the injury, physical exam- 
ination, x-ray, and treatments. 

The confidential nature of medical rec- 
ords can be maintained only if these records 
are kept in medical departments, available 
only to medical personnel. In the event a 
claim is filed for injury or alleged injury, 
that part of the record necessary for decid- 
ing the claim must be made available, but 
care should be exercised that confidential 
information having no bearing on the case 
is not inadvertently released. 

Medical personnel have perhaps the most 
difficult role of any persons involved in 
handling workmen’s compensation. Medical 
treatment, and particularly rehabilitation, 
requires complete trust and understanding 
between the doctor and the patient if maxi- 
mum benefits are to be obtained. When a 
claim is denied, the injured employee often 
feels that it is the doctor who rejected his 
claim or that the doctor is in some way 
responsible for his being denied something 
which he feels is his due. 

To maintain good doctor-patient relation- 
ship in the face of suspicion and antagonism 
taxes to the utmost the doctor’s tact, and 
ability, and understanding. Complete hon- 
esty and recommendations based solely on 
proved medical facts will go far in alleviat- 
ing the patient’s suspicion regarding the 
doctor’s role in his being denied benefits. 

There are, of course, many other func- 
tions of medical departments and medical 
personnel in the reporting of workmen’s 
compensation claims. At the present time 
we do not have time to go into all of these 
functions. 


I am certain that many of these will come 
to light in the question period to follow. 

Moperator Hitt: Thank you, Dr. Whit- 
aker. There can be no doubt that you 
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understand the place of the medical depart- 
ment in the administration of the workmen’s 
compensation system. 

The insurance carrier has a vital role in 
the workmen’s compensation program. We 
are very fortunate to have with us this 
afternoon Mr. E. A. Cowie, who is Vice 
President of the Hartford Accident and 
Indemnity Company, one of the leading 
workmen’s compensation carriers in this 
country. 


Mr. Cowie is a graduate of New York 
Law School; he is a member of the New 
York and the Ohio Bar; he has been with 
Hartford for 28 years; he has had a vast 
experience in claim and legal work, besides 
being Assistant Secretary and Secretary of 
the company before he was made Vice 
President in 1952. 


Mr. Cowte: Years ago it was almost 
standard practice for the insurance carrier 
to go its own way in handling compensation 
claims. The carriers felt they had the right 
to spend their money as they saw fit; in- 
sureds felt they paid the carrier to relieve 
them of the bother as well as the expense 
of handling claims. 

This is all pretty well changed now. The 
modern insured—and I mean the well-or- 
ganized insured of at least reasonable size— 
is keenly aware of its insurance cost, and 
the factor of employer-employee relations 
has become extremely important. This kind 
of insured wants to know where the money 
is going and why. 

Some old-timers on both sides have died 
pretty hard and are still dying hard, but 
I believe that most insurance claims people 
today welcome the change. We welcome the 
idea of a partnership with the insured, not 
because the insured wants it that way and 
it is good business to humor a customer, 
but because we have found out that such 
an arrangement pays dividends. 

We had an example of the kind of coop- 
eration that pays dividends recently in 
Texas. An employee sustained a herniated 
disk which required an operation. We paid 
for the operation and for temporary disabil- 


ity of 23 weeks, at which time the attending 
doctor said the man could return to work 
but that he would have a 15% permanent 
partial disability. This in Texas would call 
for about a $1500 lump sum payment. 

The situation discussed with the 
president of our insured, who readily 
agreed that we should endeavor to dispose of 
the case on the basis of the doctor’s evalua- 
tion. The claimant, however, was in a bad 
state of mind regarding his ability to work, 
and yet was fearful that he might lose his 
job. We seemed headed for the usual law- 
suit with the allegation of permanent total 
disability. 


was 


At this point the aid of the insured’s 
superintendent was solicited. He called on 
the claimant, reassured him concerning his 
job, and the upshot was settlement at the 
established figure. We think that everyone 
benefited from this cooperation—the claim- 
ant, the insured, and the carrier. 

Certainly, we don’t think that the insured 
should do our claim adjusting for us. There 
are many areas, however, where cooperative 
effort will produce a better result for all. 
Industrial relations people generally know 
the background of the employees pretty well 
and they can be extremely helpful in main- 
taining reasonable control of claimants. 

In our company, and we are by no means 
alone, constant stress is being laid on the 
desirability of close liaison with the proper 
personnel of the insured. We urge discus- 
sion of all substantial cases as they are 
developing, especially before any lump sum 
disposition, and, more particularly, we urge 
a full explanation to the insured of the 
manner in which the compensation law is 
administered locally. This latter point is 
very important in our opinion, for rather 
often the insured cannot understand why 
such and such a result should be. Often 
we can agree with that conclusion but 
either it isn’t the law or it isn’t the way 
the law is applied locally. 

Like all carriers we have had occasional 
friction with industrial relations depart- 
ments. Sometimes it has resulted from fric- 
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tion within the insured’s organization, such 
as a feud between the medical and the in- 
dustrial relations departments. More often 
| am afraid it has resulted from the failure 
of our people to establish the proper liaison 
with the proper people in the insured’s or- 
ganization. When an insured can’t under- 
stand why the evaluations of his plant 
doctor do not control the amount awarded 
by a referee, I feel that our people just have 
not satisfactorily explained to the insured 
that it is the customary practice of the 
referee to compromise the evaluations of 
the plant doctor and the claimant’s doctor. 

In the field of rehabilitation vast strides 
are being taken. Here again cooperation is 
the keynote, and we find increasing realiza- 
tion by insureds that it may be to their 
advantage to give an employee lighter work 
or a new job until he gets on his feet. If 
the aid of a rehabilitation center is required, 
the insured, through the industrial relations 
department or the medical department, can 
often be of inestimable help in getting the 
claimant in the right frame of mind to 
accept and cooperate in the necessary treat- 
ment. 

Summarizing: It now appears that indus- 
try and carriers realize we have a common 
goal and that teamwork is best calculated to 
realize that goal of getting the injured work- 
man properly back on the job with the least 
possible loss of time and production. 

Moperatork Hitt: Thank you, Mr. 
Cowie. It is clearly evident that Mr. Cowie 
and his company—and I am sure there are 
others—recognize the fact that there is 
more to the writing and more to the place 
of insurance carriers and the workmen’s 
compensation program than merely collect- 
ing the premiums and writing the checks, 
as some of the smaller companies or some of 
them that don’t have as much experience 
probably have found themselves doing, and 
it’s really pleasant to hear a representative 
or official of a large carrier give the story 
as straightforwardly as Mr. Cowie has done. 
I’m sure you appreciate it. 
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The next participant is Mr. Hugh M. 
Jackson, who is the Manager of the Indus- 
trial Health Program for the Johns-Man- 
ville Corporation. 

Mr. Jackson was graduated from North- 
western University with a B.S. degree in 
psychology and chemistry. 

Now, that’s quite a combination. He has 
been with Johns-Manville for 20 years. He 
was Training Manager and then Assistant 
Industrial Relations Manager at the com- 
pany’s Waukegan, IIl., plant, until he was 
transferred to the company’s headquarters 
in New York in 1947 and made the Safety 
Director. 


He has been the Manager of the Indus- 
trial Health Program since 1952. Now he’s 
a member of the Legal Committee of In- 
dustrial Hygiene Foundation. He’s a mem- 
ber of the Executive Committee of the 
Metropolitan Chapter American Society of 
Safety Engineers and a member of the 
American Industrial Hygiene Association. 
He’s Chairman of the Safety and Health 
Committees of Asbestos Textile Institute 
and the National Mineral Wool Association, 
and is a member of the Safety and Health 
Committees of the National Manufacturers’ 
Association and the Asphalt Roofing Indus- 
try Bureau. 


I know of no other person better qualified 
to discuss the organizational set-up for ef- 
fective coordination of the company’s health, 
safety, and workmen’s compensation pro- 
gram. 


Mr. Jackson: I hope to bring to this 
discussion the value of some 20 years’ ex- 
perience as a self-insurer. Johns-Manville 
Corporation has been a self-insurer since 
1937 in all of its manufacturing locations 
where self-insurance is permitted. 

That represents about 12,000 employees 
so covered, and 21 locations in 11 jurisdic- 
tions, 

Through that experience, we certainly 
have come to recognize the impossibility 
of separating the industrial relations func- 
tion from workmen’s compensation claims 
handling. 
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We have found in our experience that 
the climate in which workmen’s compensa- 
tion settlements are made is rather a direct 
reflection of the industrial relations or labor 
relations environment that exists at that par- 
ticular location. Whether you are insured 
or self-insured, whether you recognize it or 
not, and whether you like it or not, work- 
men’s compensation has a definite impact 
on industrial relations. 

Now, in deference to Mr. Cowie—and 
by the way, may I say that I am well pleased 
at the new look in the insurance carriers’ 
approach to workmen’s compensation—I am 
not going to advocate that all of you rush 
out and become self-insurers; there are a 
few problems that have to be given consid- 
eration before you should take that ap- 
proach. One factor is the spread of types 
of risk. 

We happen to have a wide variety of 
products and raw materials, and therefore 
exposure types. In addition to that, our 
exposure risk is spread, as I mentioned, 
over a_ substantial number of locations, 
widely separated geographically. Further, 
we do not have a large segment of our 
employee populations exposed to a single 
hazard type. Our plants range from 65 to 
3500 employees in size. Finally, we were, 
at least at the time of the nine-month re- 
port, still financially able to meet any ob- 
ligations. This, too, is an important factor 
for consideration before self-insurance is 
decided upon. 

But in our experience at Johns- Manville 
we have found self-insurance an operational 
economy as well as a highly important in- 
dustrial relations tool. 

| think we would find no one that would 
disagree with the statement that industrial 
relations is here to stay. Some of us might 
have had some doubts 20 years or so ago, 
but it is a well-established fact today. We 
recognize the need of communication be- 
tween employer and employee. Grievances 
can best be handled when there are well- 
defined channels of communication. 


And speaking of grievances, consider the 
importance of a grievance to an employee if 
he has, in addition to a feeling of being 
mishandled, a sensation of pain, or the 
reduction of work ability, or the cessation 
of work for a given period of time. 

The injury-related grievance, to our way 
of thinking, is one of the most important 
of the labor relations or industrial relations 
grievance areas. The injury occurrence, 
whether you are self-insured or whether 
you have outside insurance coverage, rep- 
resents a particularly unique and 
ticularly important relationship 
employee and employer. 

The that this situation exists is 
recognized in the labor agreements of many 
companies. Just within the last few years, 
a number of large companies have written 
into their work agreement contracts pro- 
visions augmenting the workmen’s compen- 
sation benefits prescribed by the states in 
which they operate and have modified the 
state-prescribed benefits. In our own case, 
we do not limit, for instance, the amount 
of medical care given the injured employee, 
even though a particular state law might 
place a limit on medical care. 


par- 
between 


fact 


Legislation, it seems to me, represents an- 
other important aspect of the industrial 
relations phase of this problem. It is a 
concern for every company, whether insured 
or self-insured or certainly should be if it 
is not. The fact that one is insured does not 
relieve that company of responsibility in 
working for effective and equitable law. 
For years organized labor has had a very 
strong voice in the development of work- 
men’s compensation legislation. In attend- 
ing the annual meetings of the International 
Association of Accident Boards and Com- 
missions it has been interesting to observe 
that for the first time in a number of years 
organized labor has not occupied a formal 
place on the programs, whereas industry has 
had little or no recognition. I cite that mere- 
ly to illustrate the fact that for years past 
labor has, where we in industry have not, 
made use of that and other channels of 
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communication to workmen's 


that labor 


influence 
compensation legislation. Not 


should not have a voice, but management 
should, along with them, speak strongly. 


It has been the position of insurance 
carriers, I think, in general, to refrain from 
taking a stand on workmen’s compensation 
legislation. In addition, it has been the 
general feeling of the insured that the in- 
surer, the carrier, was looking out for his 
“interests.” It is obvious, therefore, that 
unless management takes an active interest 
in workmen’s compensation legislation, in- 
dividually and through employer associa- 
tions, there is a very distinct void, a vacuum 
where industry’s voice should be. 

Our organizational set-up reflects our 
convictions concerning the relationship of 
industrial relations to workmen’s compensa- 
tion. 


I am a member of the General Headquar- 
ters Industrial Relations Department, a 
staff function. Our Vice President for In- 
dustrial Relations is a Senior Officer of 
the Corporation and reports directly to the 
President. The administration of work- 
men’s compensation throughout the company 
is a portion of my responsibility. 

Our plant medical departments report to 
the Industrial Relations Manager and play 
an important part in workmen’s compensa- 
tion case handling. 

We have plants of many sizes, and in 
all we have a plant-related physician. The 
extent of medical services rendered might 
vary from full time to a few hours a week. 
Regardless of the time factor, we feel that 
the function of the medical department is 
so important to this matter of workmen’s 
compensation claims handling, that we re- 
gard our plant-related doctors as_ being 
Johns-Manville doctors. We take particular 
pains to acquaint them with the processes, 
with the materials being used, and with the 
nature of the operations. With this knowl- 
edge they, in their treatment and rehabilita- 
tion of the injured, know the type of 
abilities required, know what “light work” 
can be assigned, and can therefore ade- 
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quately relate the injury to the work situa- 
tion. However, | do want to stress that our 
emphasis in the medical program is that 
of health maintenance—preventive medicine. 
Our preemployment examinations and peri- 
odic examinations are aimed primarily at 
that. 

We emphasize the doctor-patient rela- 
tionship in our medical program. Our 
objective, of course, in our medical treat- 
ment of compensation cases is complete 
rehabilitation. 

Workmen’s compensation claims handling 
varies, naturally, depending on the plant 
size. In the smaller plants the Industrial 
Relations Manager is held responsible for 
the entire function. In others, he might 
have a staff assistant, either part-time or 
full-time, depending not only on the size 
of the plant, but the nature of the work- 
men’s compensation problem too. 

We require, therefore, a rather complete 
knowledge, from a lay standpoint, of the 
Workmen’s Compensation Law, sufficient 
at least to recognize when legal counsel is 
necessary. We attempt, insofar as the vari- 
ous state laws permit, to handle all of our 
claims on an informal in-plant, employer- 
employee basis. 

Our over-all policy at Johns-Manville 
is that we do not use legal technicalities 
to avoid what is otherwise a valid claim. 
On the other hand, we don’t approach claim 
settlement on the basis of its nuisance value 
or economic value only. We feel that work- 
men’s compensation is so integral a part of 
our industrial relations picture, that it is 
so essential to the establishment of the 
employer-employee relationship, that we 
could not conceive of having a third party, 
not related to either the employer or the 
employee, enter into and handle this type 
of a grievance—if you will—this type of 
personnel relationship. 

We feel that the only way that we can 
keep it in the proper perspective is to have 
it as part of the function of our industrial 
relations department. 
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Moperator Hitt: Thank you, Mr. Jack- 
son. I don’t think there can be any doubt 
that Mr. Jackson not only knows what he’s 
talking about, but he knows how to say it. 
I don’t know if you all realize that labor 
organizations are a terrific pressure group, 
and as I said to someone this morning, the 
National Association of Claimant’s Com- 
Attorneys is another terrific 
pressure group, and the legislation in 
workmen’s compensation has become more 
and more of a political football. I think 
it is high time that employers and insur- 
ance carriers together, whether through 
an advisory study committee or by some 
other means, takes a much more active in- 
terest in this area before it gets out of 
control. 


pensation 


The workmen’s compensation administra- 
tor who is intelligent and who has the re- 
spect of both labor and industry is the key 
to the successful operation of a workmen’s 
compensation system. That administrator 
is a rarity, but we have one in the person 
of the Hon. Otto A. Wiesley, Chairman of 
the Industrial Commission of Utah and the 
Utah Labor Relations Board. 

Mr. Wiesley is both a teacher and a law- 
yer. He attended the Iowa State Teachers 
College at Cedar Falls and the Iowa State 
College at Ames, Iowa, and he is a graduate 
of the University of Utah Law School. He 
is a member of the Order of Coif, an hon- 
orary scholarship legal fraternity, the high- 
est honor a law student can attain. 

Mr. Wiesley has had an enviable career 
as a public servant. He first served as su- 
perintendent of schools in Iowa for eight 
years. He was a member of the law faculty 
of the University of Utah for five years. 
He’s been a member of the Board of Ex- 
aminers of the Utah Bar Committee for six 
years. He was a member of the Utah Public 
He 
has been Chairman of the Utah Committee 
on Industrial and Employment Planning 
since 1950. He is a clinical lecturer on 
industrial medicine at the Medical College 
of the University of Utah. He served as 


Service Commission for four years. 


a member of the Industrial Commission 
from 1941 to 1947, and he has been the 
Chairman of that Commission since March 
12, 1949. 

I am proud to present to you one of the 
outstanding workmen’s compensation ad- 
ministrators in this country. 


Mr. Wiestey: Before Mr. Hill's intro- 
duction, I had decided that I was a little bit 
of a frog in a great big puddle of wise men. 
After reading the names and titles of the 
other participants I was beginning to wonder 
just why I was here. Of course, I know 
that I was invited to attend this conference 
because of the shocking medical panel sys- 
tem that we have adopted in Utah, a system 
which, | am proud to say—call it boasting 
if you wish—is my own personal brainchild. 

I practiced before the Industrial Com- 
mission of Utah for about 11 years before 
I became a member, so I was thoroughly 
familiar with what had gone on since the 
Industrial Commission was organized in 
1917, particularly with regard to the man- 
ner of solving medical problems. 

Long before I became a member of that 
Commission I made up my mind that if I 
ever did become a member I would do 
something about it, and that something 
would be drastic, because the situation called 
for such measures. I imagine that the situa- 
tion in some of the other states, after listen- 
ing to some of you men, is still drastic, 
perhaps more so than ours was. 

A typical case, for example, is that of 
a truck driver who was struck in the mouth. 
Although his lips were not even cut he 
claimed the blow loosened his teeth. He had 
a very bad case of pyorrhea, and one of our 
doctors testified under oath—and I presided 
at the hearing—that this man swallowed 
pyorrhea-infected blood, which caused a 
peptic ulcer, which had reached the near- 
perforation stage in a matter of three weeks. 

I turned that transcript over to the Utah 
State Medical Association and they called 
the physician in. He denied that he had 
made that statement, but they had the re- 
porter’s transcript. Then, he admitted that 


465 


A, 


he had made the statement and probably 
should not have made it. They asked him 
why he had made it. He said, “Well, he 
was my patient; he lived in a trailer camp 
and he wanted me to help him.” 

As Dr. Paul Richards said, he was prac- 
ticing economy and not medicine. 

He offered to come before the Commis- 
sion and under oath withdraw his testimony, 
and I refused to permit it. I said that | 
wanted that as a part of the record for the 
next thousand years if necessary. 

Well, that is just one case. I can tell you 
about a lot of them like that. 

Then we had the Utah Occupational Dis- 
ease Law, which became effective the day 
I took office as a member of the Commis- 
sion, and through all the years I have been, 
you might say, in sole charge of all work- 
men’s compensation and occupational dis- 
ease activity. 

I presided over and held all of the hear- 
ings and wrote all of the decisions, and we 
had hundreds of hearings, too. 

That’s when I decided we had to do some- 
thing about this medical situation. We had 
in the State of Utah at that time, and I 
say this advisedly, only one man—he’s here 
with us today—who really was an authority 
on silicosis, and that was our big problem 
so far as occupational diseases are con- 
cerned. With his help I struggled through 
the first six years, my first term, but the 
awards that were made because of the evi- 
dence that we had in the record were tragic. 
Some of them never should have been made. 
Other claims were denied that should have 
been awarded. It was a nasty situation. 

In 1949 we asked the legislature if they 
wouldn’t amend the Act and set up an 
occupational disease panel. 

Labor and industry, the medical profes- 
sion, all groups, joined with us. We had 
absolutely no trouble getting the law on the 
statute. Ever since 1937, all amendments 
to the Workmen’s Compensation Law have 
been agreed legislation. 

The joint committee of industry and 
labor will write up the bills and send them 
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to the legislature with a letter stating that 
there shall be no amendments, not even so 
much as crossing a “t,” and you'd be sur- 
prised how they obey that letter; we have 
had the full cooperation of all the groups 
that should be interested in these problems. 

The success of the occupational disease 
panel was so remarkable that I first went 
to labor and asked, “How would you like 
to have a medical panel resolve these medi- 
cal issues?” They went much farther than 
| expected. 

“The law doesn’t solve them,” they said. 
“We'll even go so far with you as to elimi- 
nate an appeal to the Supreme Court of the 
State of Utah.” 

I said, “You can’t do that.” 

They didn’t believe me, so they went to 
the Supreme Court and talked to the Chief 
Justice, and he said, “No, I don’t think we 
can eliminate the right to appeal to the 
Supreme Court.” 

Well, anyway, they all agreed that they 
would go along with the panel system, but 
the first six years we had about 200 silicosis 
cases before the panel. 

In all that time, and since, close to 10 
years, they have had four formal hearings. 
Not one of them involved a medical issue. 
All four of them were appealed to the 
Supreme Court. The Commission was 
affirmed in all four cases. We decided that 
if it worked like that on occupational dis- 
ease cases it should work with workmen’s 
compensation cases, so in 1955 the Legis- 
lature amended the Act and provided for a 
panel similar to that for the occupational 
disease cases. 

Sut the law requires us to submit all 
medical issues—we have no choice 


to a 
panel of specialists, and the law specifies 
that they must be specialists. 

The members of the panel are either 
board members in the particular specialty, 
or men who are qualified to become board 
members if they desire. If it’s an orthopedic 
case, we have a panel of three orthopedists; 
if it’s a heart case, we have a panel of three 
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cardiologists, etc. The panel is a rotating 
one. 

The occupational disease panel does not 
rotate. We have had the same chairman 
and the same members, except for one who 
died and another who left the state, since 
1949. 

Now, you may ask, “Why don’t we rotate 
the occupational disease panel?” 

Dr. Richards may not agree with me, but 
I think we have all of the qualified men in 
the field of silicosis, in the entire medical 
association, with the exception of Dr. Paul 
Richards, and one or two others, and I 
don't have him on the panel because we 
have to have somebody available to check 
on us for the guy who doesn’t agree with 
our panel, which he does very nicely. 

The workmen’s compensation panel ro- 
tates, except for the chairman. This panel 
has exceptionally broad authority. We send 
them the entire file—medical transcript of 
the hearing, everything, so that they can 
get the facts. We take no medical testimony 
after the first hearing. 

We have a hearing before the issue is sent 
to the panel if there is a dispute as to the 
facts; if there is not, it goes directly to 
the panel. 

The chairman then briefs the file very 
carefully, very thoroughly. Panel members 
are permitted to go anywhere they please 
for assistance. 

As far as medical knowledge is concerned, 
they individually examine the man and then 
they sometimes examine him as a group 
when we have our final session. 

We pay all the expenses: we pay the 
doctors; we pay for biopsies, autopsies; we 
hospitalize the man; we have very extensive 
laboratory work done for him. Whatever 
the doctors think necessary we do. 

We even send the complete file to some 
nationally or internationally recognized 
specialist in a particular field. 

The statement was made this morning 
that we paid more awards; we do in this 
Many difficult medica! problems 
could not be solved before this law was 
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enacted because the employee didn’t have 
the money to hire experts; these cases now 
are settled, and the employees get the 
awards due them. Other than that, I’d say 
there is no increase at all. 

As to the attitude of the Supreme Court 
in all the years that I have been on that 
Commission since 1941, we have averaged 
about one and a half cases per year on an 
appeal to the Supreme Court, and the affirm- 
ances total 85% of all the appeals. Even 
the Supreme Court seems to like us, or else 
we are doing a pretty fair job. 

Now, I have tried to give you the reason 
for the panel and to explain how the panel 
works. Later on, if you have any questions, 
I'll be very happy to answer them. 

Moperator Hitt: Thank Mr. 
Wiesley. 

I might point out the mistake that was 
made in Michigan in 1937 when the Occu- 
pational Disease Law became effective. It 
was copied from the New York law in the 
main, but the administrative body was re- 
lieved of the job of determining whether 
or not the claimant had the alleged occupa- 
tional disease by a provision which required 
the claimant in occupational disease cases 
to be examined by a medical panel of three, 
whose finding on the question of whether 
he had the disease claimed was conclusive. 
For example, in a silicosis case the panel 
would report that the man either had sili- 
cosis or didn’t have silicosis. 
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The Commission, then, in a case where 
the claimant didn’t have silicosis, merely 
dismissed the claim and that was the end of 
the case. 


The Supreme Court finally said that pro- 
vision 


was unconstitutional. The reason 
was obvious—there was no opportunity to 
cross-examine the doctors who made the 
finding. 

Now in Utah, as I understand it, the find- 
ing of the panel is only advisory, and there 
is Opportunity given for cross examination 
of the panelists and an opportunity to bring 


in other doctors. I think that Mr. Wiesley 
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and the members of his Commission are to 
be congratulated. 

All of us gripe about the kind of medical 
testimony that we get in workmen’s com- 
pensation cases, and no one does anything 
about it. When I looked over the Utah 
Act I was surprised at the provision for 
the medical panel. I must confess it was 
my first knowledge of it, and I think that 
a lot of us could read that provision for a 
panel both in disease cases and in accident 
cases. It might be that it could be used to 
advantage in other states. 

I’m sure that we are very grateful to 
Mr. Wiesley for a fine explanation of the 
operation of the medical panel system. 

THEopoRE C. Waters ( Miles and Stock- 
bridge): Mr. Chairman, while we are on 
that subject, may I ask Mr. Wiesley one 
or two questions? 

First, by whom are the panel appointed? 

Second, would you say just a word with 
respect to the mechanics of the operation 
of the panel? 

Mr. WiesLey: The Commission always 
requests the Utah State Medical Association 
to send us a list of cardiologists, orthope- 
dists, and other specialists. We have about 
covered the fields now. 

I select the three—sometimes we have 
five—and I try to keep it in rotation. 

As I say, I keep the chairman on regu- 
larly, because I don’t want to go through the 
job of educating a new chairman every time 
we have a new case. 

Sometimes we submit one case; sometimes 
two or three, but this is what has happened, 
and this is very important: I no longer hear 
criticism from labor that a medical witness 
“is paid by the insurance company or by 
somebody else and we think he’s giving us 
a good trimming.” That no longer happens. 

Labor was for the law when we intro- 
duced it. It is for the law now. I never 
have any complaint whatsoever. 

The members of the medical profession 
are delighted because they don’t want to 
be a witness at a hearing, and so far, in 
two years we haven’t had a formal hearing 
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following a workmen’s compensation panel 
investigation and finding, and as I told you, 
we have only had four hearings on the 
silicosis cases in 10 years. 

Mr. Cowle: May I ask who pays the 
physicians ? 

Mr. WiesLey: Well, that helps too. The 
Industrial Commission of Utah pays all of 
the expenses. We pay the doctors $15 an 
hour. We decided against having it done 
free of charge. 

We tried that for years with our rating 
panel, and sometimes I was the only one 
there on Saturday morning when the per- 
sons to be examined showed up. One physi- 
cian would show up at 11:00 o’clock and 
another one would get there just in time 
to say “Goodby,” so I told the members of 
the medical profession that we would pay 
$15 an hour. Each of the cases from the 
beginning until the end requires about five 
hours. We pay for all hospital and labora- 
tory expenses. 

I have one case before me now that will 
cost $1500 just to make a thorough investi- 
gation. 

We have sent complete files without any 
comment from our panel to Dr. Riddle in 
Canada; to Milwaukee; to two specialists 
in Chicago; to the University of Iowa, and 
to Harvard University School of Medicine. 
In other words, the panel has full authority, 
regardless of expense, to go anywhere in 
the world. 

They go to London to participate—any- 
where they please—and get the last word. 

My policy is very simple. Nobody is 
entitled to any more than the truth, but we 
are going to do everything we can to get 
that truth, let the chips fall where they may. 

Moperator HiLv: Thank you. It is quite 
obvious that successful administration is in 
direct ratio to the integrity, honesty, and 
hard work of the administrator, and it is 
apparent that Utah is getting good admin- 
istration. 

Now I think we'll start with the first 
question. 
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“What staff is needed in an industrial 
relations department for competent investi- 
gation and handling of claims?” 

I’m going to ask Mr. Jackson to lead off 
on that one. 


Mr. Jackson: I don’t know whether we 
can actually talk staff in terms of numbers 
of people, because the plant situation varies 
so markedly from large to small plants. | 
think rather we can approach this from the 
standpoint of responsibilities, all of which 
might be wrapped up in one person or 
spread over two or more as the plant size 
and the circumstances might dictate. 

Certainly one phase of this business of 
industrial relations handling of claims in- 
volves the investigation of the occurrence, 
the investigation of the accident. Often- 
times the point in question is whether there 
actually was an accident and subsequent 
injury; therefore, accident investigation is 
one area of responsibility that has to be 
placed somewhere in your industrial rela- 
tions organization. 

Another is the claims processing respon- 
sibility, and by that I mean the determina- 
tion as to whether this particular injury 
can be classified as something specific under 
the law or whether there is a question con- 
cerning nature and extent or a question 
concerning the application of any particular 
part of the law. 


A third area of responsibility is the mat- 


ter of dealing with the employee. This 
would include contacting and interviewing 
the employee and the indoctrination, if you 
will, of the employee into what the specific 
provisions of the Compensation Law pro- 
vide-and what action the company is going 
to take. This phase, I think, is rather im- 
portant and is a part of the job which the 
industrial relations personnel are best quali- 
fied to handle, knowing as they do, or 
should, the environment of the plant, the 
personality of the individual involved, and 
company policies. 

Then, certainly, we can’t omit the matter 
of the responsibility for medical services, 


not only treatment, but evaluation of the 
nature and extent of injury, too. 

I think those four facets, the investiga- 
tion, the claims processing, the employee 
interviewing, and the medical services are 
all responsibilities that have to be assigned 
specifically in the industrial relations de- 
partment for claims handling. 

Moperator Hitt: Would you assign that 
to one man or two, or what is the situation? 

Mr. Jackson: Well, in some of our small 
plants, where we have 65 to 125 employees, 
the industrial relations manager, plus his 
plant-related doctor, does the whole job. In 
another plant of 3000 or 4000 employees, 
we might have a staff which would include 
a full-time safety engineer, who would be 
a specialist in accident investigation; a full- 
time workmen’s compensation handler, who 
would be the specialist in interpreting the 
record in terms of compensation benefits. 
It would vary with the plant situation, but 
the responsibility in each case should be 
clearly assigned. 

Moperator Hitt: That’s done immedi- 
ately after the medical department is ad- 
vised of the occurrence, | take it? Where 
do you get the information? 

Mr. Jackson: We have a requirement 
that the foreman, superintendent, or who- 
ever is in charge investigate and report an 
accident occurrence immediately. This is 
done promptly after the supervisor sends the 
injured to the medical department for im- 
mediate attention. 

Moperaton Hii: Dr. Whitaker, is there 
any further comment that you want to 
make ? 

Dr. Wuitaker: I think the subject was 
well covered. It would be repetitive to go 
into very much more detail. 

I do think that the speed with which the 
accident investigation is performed is im- 
portant, as these men either are injured or 
alleging an injury or an illness. They want 
something done immediately and they have a 
right to expect something to be done im- 
mediately. I think the investigative work 
should be done as rapidly as possible. 
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Furthermore, in taking a history from a 
patient, the doctor must assume that the 
patient is telling him the truth and the com- 
plete facts as far as the patient knows them. 
If the investigation reveals anything which 
is contrary to what the doctor has been told, 
certainly the doctor should be informed of 
that as soon as possible. 

Moperator Hitt: Do you put down on 
your first report or on your medical card in 
history form the exact statement that the 
man gives you when you first see him? 

Dr. WuitaKer: Yes; we use the same 
procedure that I am sure most medical de- 
partments use: “Who, when, where, why, 
what, ete.,”” and make our statement as com- 
plete as possible, and even use the patient’s 
own words where applicable. 

Moperator Hitt: Mr. Soutar would like 
to say something. 

Mr. DouGLas Soutar: (American Smelt- 
ing and Refining Company): It strikes me, 
from the standpoint of an industrial rela- 
tions man, that Johns-Manville has a de- 
centralized operation, and that these matters 
are handled on a plant-by-plant basis, with 
the exception perhaps of policy decisions 
as to how a particular case shall be handled 
out of the New York office. I wonder 
whether that is characteristic of the organi- 
zations of the various corporations repre- 
sented here. I think that is something we 
should develop. What is the best way to 
handle these things? This is a relatively 
unknown field, but it seems to me that is a 
problem in 95% of the cases, and that it 
can best be handled locally with only distant 
direction from a centralized office. 

Mr. Jackson: The authority assign- 
ments for workmen’s compensation claims 
settlements are typical of other types of 
authority assignments in Johns-Manville. 
Various levels of responsibility have differ- 
ent limits of authority for expenditure. 

For instance, the plant industrial relations 
manager has authority for adjusting or set- 
tling a case informally up to a certain dollar 
amount. Beyond that, it requires additional 
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approvals for settlement, so that in that 
manner there is a limitation of action locally. 

And, of course, we do have our over-all 
policies written and prescribed in fairly 
definite fashion, but you are correct in 
assuming that the local industrial relations 
manager has an area within which he 
moves and makes his own decisions in ac- 
cordance with general policy. 

Mr. T. R. DonoGuve: (Pittsburgh Plate 
Glass Company): I want to ask a question 
of Mr. Jackson. You are referring to most 
of these points from the standpoint of 
self-insurance. How far do you go in your 
plants when you have an insurance carrier 
on investigation ? 

Mr. Jackson: We have insurance cover- 
age in Texas, since that state does not per- 
mit self-insurance, but there we are dealing 
with one of the more progressive insurance 
companies. We have very close liaison with 
the carrier. We do all of our own accident 
investigation and review the settlement 
terms in each case with the carrier and 
come to complete agreement on how the in- 
dividual case is to be handled. 

Moperator think probably Mr. 
Cowie could give you a little help on 
answering your question. How much help 
does the insurance company want from the 
insured? I believe that fits in with your 
question. 

Mr. Cowle: | think the easy answer 
would be all we can get. There is no ques- 
tion but that the internal people in plants 
can do a much better job of investigation 
than can an insurance company coming in 
from outside. Plant personnel have access 
to their people. If a man is hard to see, they 
can arrange to have an appointment with 
him. It certainly is easier for the industry 
people to get the facts than it is for the 
insurance carrier. 

I’d have to admit that wherever the in- 
sured is willing to be of that much help 
the carriers certainly appreciate it. 

Mr. Donocuve: I wasn’t thinking of the 
state of Texas; I was really thinking of 
New Jersey, which is pretty tough; in New 


Jersey do you enter into any settlement of 
a claim; does the company have anything 
to do with the amount of settlement? 

Mr. Cowte: Yes; we make compromise 
settlements in New Jersey, and often, and 
as I say, I’m hoping that more and more in 
the future we'll have the cooperation, the 
lively cooperation, of industry in making 
settlements of tough cases. 

Moperator Hitt: Here are two ques- 
tions which can be taken together : 

“Should the industrial relations manager 
call the turn on compromise of questionable 
compensation claims?” 

“Should the employer or the carrier de- 
termine whether payment should be made in 
the so-called borderline cases?” 

I think that we can ask Mr. Cowie to 
lead off in response to those two questions. 

Mr. Cowle: I'm going to speak for my- 
self; I know that many people in our in- 
dustry wouldn’t agree with me—in fact, I’m 
sure that even some people in my own 
company wouldn’t agree with me—but I’m 
going to say a limited “yes” to that question. 
I'll give you a few examples: 

I can recall rather vividly three or four 
years ago—this just happens to be Texas— 
the safety director of a large power com- 
pany was a little annoyed by the amount of 
money being paid in some compromise set- 
tlements and the amounts being given in 
some awards, so he put his foot down in 
connection with a couple of hearings that 
were coming up. 

Well, the law firm that was handling the 
case, other people in the organization of 
the insured, our own agent in Texas, our 
company people, all believed that this safety 
director was wrong, but we finally decided 
that we would have to give in. 

It happened in one case that our attorneys 
had recommended a compromise settlement 
of $3500; the jury brought in $1100. In 
another case about that same time, with the 
same insured, we wanted to pay something 
on it, and they came in with a defendant’s 
verdict, so that in that situation it turned 


FUNCTIONS OF INDUSTRIAL RELATIONS DEPARTMENTS 


out that the safety director was more correct 
than our people. 

I have seen cases go the other way. In 
fact, I know of one large risk where we 
have had some trouble in the Midwest in 
that connection. We had one case where 
everyone had the opinion that we should not 
try it; we tried it and got stuck, so it 
happens both ways, but with the newer 
programs that come along, particularly 
retrospective rating programs, etc., certainly 
the insured has a very active voice in what 
is going to happen. I think if the indus- 
trial relations manager is well acquainted 
with the problem, he knows the local situa- 
tion; if he nevertheless wants to put his foot 
down and say, “This is what | think should 
be done,” I think we should follow him. 

Moperator Hitt: Thank you. Dr. Whit- 
aker, have you anything to add to that? 

Dr. Wuitraker: Well, I'll say something 
that I’m sure many of you will disagree 
with; we don’t feel that cases should be 
compromised. It is our feeling that if a 
man is injured and he has a legitimate 
claim, he should have everything that the 
law provides, 

If we feel that the man’s accident did not 
cause the condition for which he is filing 
compensation, then we feel he should have 
nothing. 

Moperator HiLt: What about borderline 
cases ? 

Dr. WuitaKer: The same thing. We 
make a decision one way or the other. We 
either pay to the full extent of liability or 
we pay nothing until we are ordered to 
do so. 

Mr. Cowte: I'll ask this question: Sup- 
posing you have made an estimate of 15% 
permanent partial disability and you know 
that the claimant has an attorney and that 
he has one or more doctors who have said 
that he has 50% disability, and you happen 
to know that in that locality the end-result 
will be a compromise if it goes to a hearing. 
Would you still feel the same way about 
that situation? 
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Dr. Wuirtaker: If there is that much of 
a disagreement, yes. I think that where you 
have such wide divergence of opinion among 
doctors as to the extent of disability, it 
is in those areas where disability is not 
based solely on functional or anatomical 
loss. 

If disability is based solely on functional 
or anatomical loss, | do not see how two 
doctors can come up with such a wide di- 
vergence of opinion. If there are wide 
differences of opinion, an impartial exam- 
ination would certainly resolve the question 
as to who is nearest right. 

Moperator HI: In the first place there 
is no recognized standard for determining 
the percentage of loss of use, so that from 
five doctors you could conceivably get five 
different percentage estimates. 

Dr. WuitaKker: The difference will not 
be that great as a rule. Again I’m saying 
that, in our own instance, at least we are 
fortunate in that disability is largely predi- 
cated on functional loss and can be meas- 
ured accurately and scientifically. 

Moperator And your Commission 
adheres to that? 

Yes. 

Moperator Hitt: Dr. Whitaker is in a 
fortunate situation. First of all, the treating 
doctor is proud of his treatment, and he 
should be; he has probably got a good 
result with no functional loss, but that 
doesn’t mean that when the matter comes 
before the administrative tribunal the em- 
ployee isn’t going to be awarded compen- 
sation. Therefore, rather than go through 
litigation, if you think that the Commission 
will award 10%, pay the 10% voluntarily, 
and it’s over with. That is really not a 
compromise or payment in a borderline case, 
but payment to avoid the cost of litigation. 
If you have a Commission that will stick 
to functional loss and award only on the 
basis of functional loss, and there isn’t too 
much variation between the doctors, you are 
very fortunate. In my limited experience in 
permanent partial disability cases, at least in 
some states, I find that it is not unusual to 
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get one estimate of 30%, another of 10%, 
and the case sent out to a so-called impartial 
doctor, who may come in with 25%. The 
Commission may base the award on the 
average of the three estimates or use that 
of the impartial doctor, 

Mr. Waters: Isn't it true that some of 
the state laws prescribe compromise settle- 
ments ? 

Moperator Yes. 

Mr. Cowie: Pennsylvania does. 

Mr. Waters: And I think it’s difficult 
even in New Jersey to get a case completely 
closed. That’s true of New York, isn’t it? 

Mr. Cowle: Well, occasionally if you 
show the right set of facts you can get a 
compromise. It’s hard to do. 

Mr. Waters: That’s a big “if”. 

Moperator Hitt: Yes. Mr. Kuechle is 
back there, and I wonder if he wants to 
add anything to the discussion on the part 
the industrial relations manager should play 
with respect to so-called compromises or to 
payment of borderline cases ? 

We heard from a stock company man; 
now we might as well hear from a mutual 
company man. 

Mr. B. E. KuEcCHLE (Employers Mutual 
Liability Insurance Company): I think all 
the larger mutual and stock companies that 
know anything about the business at all, if 
they don’t keep in pretty close touch with 
the personnel department of the plants they 
insure and discuss these cases, they won't 
be on the risk very long. 

Mr. Jackson: I agree. 


Mr. Cowle: You are evading the ques- 
tion, I think. Let’s say the industrial 
relations manager thinks that a certain per- 
centage, or so much money, should be paid 
on the case, and the carrier or somebody 
else disagrees. 

Mr. Kvuecue: Well, I'll give you exactly 
the same answer. If we were insuring 
Johns-Manville, which, of course, we don’t 
—and they decided they didn’t want the 
case paid, why, we would say, “Okay, we'll 
go along and try the case.” If we didn’t 
do it, we'd be off the risk before long. We'd 
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sooner let them make the final decision. It’s 
their money we are spending, you know. 
After all, a risk of that size pays for its 
own losses eventually. 

Insurance is merely a stopgap; it’s spread- 
ing a loss over a long period of time. We 
always get it back from the employers. 

Moperator Hitt: Thank you, Mr. 
Kuechle. We can sum it up by saying that 
both Mr. Cowie and Mr. Kuechle stress 
the need for cooperation between the em- 
ployer’s industrial relations department and 
the claims department of the carrier with 
respect to what action should be taken in 
the questionable cases. 

We are going to take a look at three re- 
lated questions that may have been dis- 
cussed in part: “Should the opinions of the 
plant medical director be controlling as to 
the extent of disability in a disputed case?” 

“How can the medical department af- 
fect the employee’s attitude ?” 

“What functions do the industrial rela- 
tions departments have in resolving differ- 
ences of opinion among doctors concerning 
the degree of disability ?” 

First of all, “Should the opinions of the 
plant medical director be controlling as to 
the extent of disability in a disputed case?” 

Mr. Wiesley, would you care to com- 
ment on that? 

Mr. Wiestey: We have another panel 
that is appointed by the Utah State Medical 
Association, We don’t even pass approval 
on the appointments. Panel members serve 
for a year, and the appointments are stag- 
gered; one goes off every four months. 
Any disputed case, if it involves the rating 
of permanent partial disability, can be sub- 
mitted to this panel. Through all the years 
that | have been on that Commission, we 
have had this type of a panel. 


We also pay the panel members liberally. 
We won't even average two appeals from 
the recommendations of this panel, and the 
few that do come before the Commission 
for formal hearing almost always get less 
than the amount the panel recommends, so 


all disputed cases go to one panel or an- 
other. 

Moperator Hitt: Do you have to have 
a dispute to get to the panel ? 

Mr. Wiestey: No. 

Moperator Hitt: Suppose that the 
medical director said, “1 don’t know if this 
man has 10% or 20% disability, but let’s 
not put him to any inconvenience; let’s find 
out from somebody on the outside.” Can 
the employer go right to the panel without 
disputing the claim and abide by their de- 
cision ? 

Mr. Wiestey: That's right. 

Mr. Hitt: Ona voluntary basis without 
hearing ? 

Mr. Wiestey: Yes, that’s right. 

Moperator Hii: It seems to me that 
is another advantage of your medical panel. 

Mr. Wiestey: It certainly is. It saves 
us many a hearing, and | think the end- 
result, too, is that the injured employee 
and the carrier or self-insurer always feel 
a lot better about it. There is less bitter- 
ness when it is resolved that way. 

Moperator Hitt: Thank you. Mr. 
Cowie, is there anything you want to add to 
that ? 

Mr. Cowie: Well, I think | got at the 
same thing in asking Dr. Whitaker the 
question I did. I would give the same an- 
swer, a limited “yes,” but as Mr. Kuechle 
says, “If you don’t follow the desires of 
your insured, particularly large ones, they 
aren't going to be your insured very long.” 
I think that we should should have the—I 
won't say indoctrination—but there should 
be explanations to the medical personnel as 
to what goes on in the community. 

Dr. Whitaker could be as right as rain 
that there is 10% permanent partial dis- 
ability but the plaintiff's doctor is alleging 
50%, and we know there is going to be a 
compromise. 

I think that situation should be explained 
to the medical director and perhaps to the 
industrial relations manager so that they 
can make a decision based on the facts. 
Again, it comes back to the proper liaison. 
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Mr. Waters: In that same connection, 
is it not true, Mr. Cowie, that with respect 
to those companies that are small in num- 
ber of employees, as distinguished from 
Johns- Manville, for example, that the final 
answer does come from the carrier rather 
than from anyone with the company itself. 

Mr. Cowie: Usually, yes, because in 
the case of a small insured, they are not 
apt to have a substantial medical depart- 
ment; you are more apt to have your treat- 
ment rendered by outside doctors, and 
naturally, we’d be governed by their opin- 
ions in such a case. 

Mr. Jackson: I'd like to stick my oar 
in on this. I don’t think the opinion of the 
plant medical officer should be controlling 
for case settlement. As was mentioned 
earlier, the maintenance of the doctor-pa- 
tient relationship is of great importance. 
We don’t want our doctors providing medi- 
cal treatment and counsel for an employee 
one minute and then appearing as his judge 
or advisory the next. The claims handler 
has the responsibility for settlement, and all 
that is wanted from the plant medical officer 
is his best medical opinion and evaluation of 
the nature and extent of disability. If the 
matter goes into proceedings and medical 
testimony is required, we then go outside 
our plant medical organization to obtain 
such. We want to avoid situations which 
might disturb the confidence of the em- 
ployees in our in-plant medical services and 
personnel. 

Moperator How about going out- 
side of your medical department before it 
reaches a contested state? I think you will 
agree with me when I say that the respon- 
sibility is on the part of the employer and 
carrier to make this thing operate by itself 
without adversary proceeding to begin with. 

Now, what do you do in these permanent 
partial disability cases to get some basis for 
paying them without an adversary proceed- 
ing ? 

Mr. Jackson: If, in the industrial rela- 
tions manager’s discussion of the matter 
with the employee it becomes apparent that 
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there is a marked difference of opinion, our 
medical director would recommend a con- 
sultant or an expert. 

Mr. Hitt: What do you mean by a dif- 
ference of opinion? 

Mr. Jackson: An employee might have 
an idea that he has lost 50% of the use of 
a hand, say, whereas our own medical 
opinion would indicate that the disability is 
10% or 15%. 

Moperator Hitt: Do you then use the 
procedure by which you and the man agree 
to a doctor? 

Mr. Jackson: Yes. 

Moperator And say, “Now we'll 
pay on the basis of that doctor’s report” ? 

Mr. Jackson: We wouldn't necessarily 
make any prior commitment; we'd send him 
to a doctor, a doctor of his choice or our 
choice, or one mutually agreed upon. We'd 
make no real commitment before we sent 
him there. 

Moperator What's the disadvan- 
tage of making a commitment if he will 
agree with you? Supposing you agree in 
advance with the union that you are going 
to use this doctor in orthopedic cases, that 
doctor in other cases ? 


Mr. Jackson: If the employee does not 
develop confidence in the doctor to be con- 
sulted, he may not be any happier with the 
second medical opinion. The fact that he 
agreed beforehand will not guarantee ac- 
ceptance of the results. We've had instances 
in which two or three consultants were used 
before the employee’s thinking was recon- 
ciled. 

Moperator Hitt: Dr. Block; I'd like to 
have you comment on that. 

Dr. D. L. Brock (Ford Motor Com- 
pany): I think this is a twofold problem, 
as Mr. Wiesley indicated. There is no sub- 
stitute for facts, and I don’t think the medi- 
cal profession is different than any other 
profession when it comes to ascertaining 
facts. 


As Dr. Whitaker indicated, generally 
speaking, when there is a wide divergence 
of opinion between two doctors on perma- 
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nent partial disability, there are other fac- 
tors beyond objective findings being taken 
into account. I think more forward-looking 
state medical societies and county medical 
societies have formed committees which are 
recognizing the fact that the profession as a 
whole has a responsibility to the employers 
to give testimony which is not biased, and 
is impartial in cases of this type. 

It has been my experience that when a 
case of this type does arise, more often than 
not it can be resolved by picking up the 
telephone and calling the doctor who has 
made the unusually large recommendation 
or estimate of partial disability. 

Generally speaking, if the facts are known 
to him and the facts which he has are 
known to the doctor in the plant, there is 
no difficulty and there is no question or 
problem. 

If a problem still does exist, and I think 
this is in a minority of cases, I think it is 
very easy for the two doctors to say, “Well, 
now let’s have Dr. ‘X’ act as an impartial 
third observer and be bound by what he 
says.” 

He can be a doctor who is acceptable 
to the employee or one that’s acceptable to 
the employer, or one that’s acceptable to 
both of them. 

I don’t think that this whole problem has 
to be out of hand, whether you have a full- 
time doctor in the plant, a part-time physi- 
cian, or even a doctor not affiliated with 
the company treating the employees. 

This is a matter of doctor-to-doctor and 
doctor-to-patient relationship, and I think 
when you lose sight of that fact and make 
it a lawyer-to-client or lawyer-to-claimant 
relationship, that’s when disputes really be- 
come serious. 

I think if the doctor does not lose sight 
of the fact that he is still the doctor and is 
treating the patient and endeavoring to make 
facts medically known you will not have 
nearly the problems that you do if you lose 
sight of those facts. 

Moperator Hitt: Thank you, Dr. Block. 
Now, I take it that your idea is that this 


should be done before the man gets into 
the hands of a lawyer. 


Dr. Biock: I think you will prevent peo- 
ple from going to a lawyer by doing this. 
‘The problem is resolved before there is any 
difference of opinions as far as the man is 
concerned. 


Mr. Wiestey: As we go along here, it 
seems to me that you should before long 
realize how this medical panel system of 
ours, takes you all off the hook in all of these 
cases that you have been talking about. 

You don’t have to put yourself on one 
side or the other; you simply state to the 
employee, “Well, let’s send it to the In- 
dustrial Commission medical panel; what- 
ever they say, that’s what we'll do.” All of 
these disputes can so readily and so easily 
be solved without any repercussions. 

Dr. D. V. DouGcuerty (Ford Motor 
Company): I'd like to ask Mr. Wiesley if 
in Utah the plant physician will make any 
estimate percentage-wise of that disability 
before they go to the panel? 

Mr. Wiestey: They are not doing it as 
much now as they become better acquainted 
with the panel system. They are not making 
any estimates. 

As a matter of fact, we are trying to tell 
the whole medical society in Utah, “Don’t 
recommend any disability ratings; don’t tell 
the man that he’s got an industrial case in 
Utah,” and I think in other states there are 
about eight legal problems that the employee 
has to hurdle before you can say, “This is 
an industrial case,” and the medical opinion 
on it is the last one. 

He may not be an employee; he may 
be self-employed. There are a lot of prob- 
lems that arise. One of our largest com- 
panies, if it hadn’t been for a silicosis panel, 
would have paid out $12,100 on a case be- 
cause its own doctors had not only made a 
diagnosis of silicosis, but had told the man 
and his whole family. 

When it came before the silicosis panel, 
there was absolutely no question that the 
man didn’t have one single nodule; there 
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was no evidence whatsoever, and we denied 
it. 

Dr. DouGuerty: What did he have? 

Mr. WiesLey: He had a very bad heart. 

Moperator Hitt: Mr. Wiesley, may I 
ask how long does it take for you to get a 
rating from the panel in the ordinary per- 
manent partial disability case where you re- 
quest a rating? 

Mr. WiesLey: We bring them in in 
groups on a Saturday, and we start at 10 
o'clock in the morning and work till 4 or 
5 o'clock and sometimes as late as 8 o’clock 
at night, and we may have 10 to 11 or 12 
cases come in at the same time. It costs 
money to call the panel together, so we 
wait until we have at least five or six cases. 

MoperATOR HILL: Do they come from all 
over the state to Salt Lake City? 

Mr. Wiestey: Yes, sir, and the only 
expense their employers must pay is their 
travel expenses to Salt Lake City. 

Question: I was wondering about the 
volume of cases. Approximately how many 
do they handle on a rating day? How would 
it operate in a state which has a fairly high 
industrial capacity. What is the volume of 
cases, let’s say, that goes to these panels 
in the course of a year, 

Mr. WIesLey: Oh, because of the system 
we have, not very many. I’d say the panel 
would have about 100 cases during a year’s 
time. 

Mr. Cowte: These are actually contested 
cases 

Mr. WiesLey: With a permanent partial 
disability rating in dispute. 

MoperaAtor HiLt: You said a while ago 
they could go to the panel when there is no 
dispute. 

Mr. WiesLey: Yes. 


Moperator Hitt: How many of those 
do you have approximately? 

Mr. Wiestey: I handle most of those 
myself, 

MoperaAtor HILL: 
panel ? 

Mr. WiesLey: Yes; they'll take my word 
for it. 
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Mr. Waters: Mr. Hill, I'd like to ask 
you a question with respect to Mr. Wiesley’s 
discussion: What chance, if any, do you 
see for the adoption of a plan similar 
to the Utah plan in the other industrial states 
of the country? 

Moperator Hitt: Well, I think you'd 
have to interest the medical society first. 

I’m not familiar with the various echelons 
or breakdowns. I just refer to it as the 
medical society. Whether it has a com- 
mittee on workmen’s compensation or whe- 
ther it has such a committee that’s a part 
of the Council of Industrial Health, I’m 
not certain. I think you would have to work 
with the medical society, stressing the suc- 
cess of the Utah plan. 

Now, I believe in industrial states you'd 
have to have panels in all the large cities, 
and in some you might have to have more 
than one panel for each kind of a disease or 
disability. 

Personally, from an administration stand- 
point, I think the panel system is good be- 
cause it removes the guesswork for the lay 
administrator, and it is almost all guess- 
work on the part of lay administrators. I 
think that you get a better result if you 
leave medical questions to medical men, and 
I think ultimately you would reduce the 
amount of adversary proceeding in this field. 

But, at the same time, as you sell the 
doctors, I think you've got to sell the labor 
organizations ; therefore I am of the opinion 
that a joint labor-industry committee, such 
as is being used in many states, if they 
start working on it could agree on a panel 
system. 

Unfortunately it started far out west, 
and only a few know about it. I hadn't 
heard about it until | was put on this panel, 
and reviewed the Utah Workmen’s Com- 
pensation Act. 

Mr. Waters: May I say in brief that 
I have long been an advocate of the panel 
system. I am exceedingly dubious as to its 
accomplishment by legislative enactment. 
Oddly enough, and I think I am correctly 
quoting, Mr. Kuechle disagrees with me as 
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to the value of such a panel. Is that right, 
Ben? 

Mr. Kuecute: | sure do. 

Mr. Waters: Come up here and tell us 
why. 

Mr. Kvuecute: It was amply demon- 
strated in Dr. Pinto’s paper this morning 
that even the panelists don’t agree with one 
another. They took the same x-rays and 
reexamined them and got entirely different 
results, so you are never going to have all 
the members of a panel agree. Here is 
what we do in Wisconsin, and have been 
doing for years and years: the Industrial 
Commission has the privilege, if there is a 
disputed case and they can’t decide what the 
facts are—and that may be to the question 
of disability or the relationship of the dis- 
ability to the employment—to appoint an 
independent examiner, and they usually try 
to select somebody from the University. 

That report is then submitted to both 
parties, and if the parties want to cross ex- 
amine and produce rebuttal testimony, they 
have that privilege, and it has worked ex- 
tremely well. 

I can see how in Utah where, after all, 
you don’t have the volume of claims, their 
system might work out very well. We do 
business out there and we are delighted with 
it, but I think, as Mr. Hill stated, you 
couldn’t do it that way in Michigan or many 
other states. I don’t think we could do it 
in Wisconsin. I doubt you could get enough 
doctors who would be willing to serve the 
panel, even if you paid them as much as 
$75. 

Moperator HI: 
you like to comment? 


Dr. WuitaKer: The panel as described 
by Mr. Wiesley may be working well in 
Utah. I don’t think it’s necessary. I feel 
that if we can get legislation which defines 
disability in terms of measurable medical 
facts, there will be so little disagreement be- 
tween various doctors on the problems that 
we won’t get into these problems as to how 
much disability there is, unless we compro- 
mise, etc. 


Dr. Whitaker, would 


As Dr. Block pointed out, if you base it 
solely on facts that you can measure, then 
you don’t have differences of opinion be- 
tween doctors. 

I would rather see us get into something 
like that than into a panel system where 
you lose the patient-doctor relationship. It’s 
terribly important in any case, and you 
certainly are going to lose it when you send 
these men to an appointed panel of physi- 
cians. 

Mr. Jackson: I feel that the panel ap- 
proach holds a good deal of promise, but I 
can’t help but think of some of the hurdles 
that have to be overcome. 

Again, at this recent meeting in St. Paul, 
this idea of a medical panel was given con- 
siderable emphasis this year, and in less 
than three weeks’ time after that confer- 
ence, the chairman of one of the commis- 
sions of a heavily industrialized state had a 
meeting at which he spoke, and while these 
aren't his exact words, the meaning is here. 
He said to the lawyers, who earned con- 
siderable income from handling workmen’s 
compensation cases: “Do you want a medi- 
cal panel here to decide the questions?” 

He said to the doctors, many of whom 
in my opinion are not quite worthy to have 
the “M.D.” after their name, who also earn 
much of their income—a group of them at 
least—from testifying in workmen’s com- 
pensation cases: “Do you want a medical 
panel to take away your bread and butter?” 

You know what the response was. That’s 
one of the big hurdles we are going to have 
to overcome to get the benefits that we 
might get from the panel approach. 

Mr. WiesLey: We took care of both the 
doctors and the lawyers. All of the work- 
men’s compensation and occupational dis- 
ease fees in the state wouldn’t keep one 
lawyer in coffee and doughnuts. We have 
never made one award greater than 10%. 
If a lawyer encourages a man to come be- 
fore the rating board, as I said before, no 
matter if they get 5% or 20% more, we 
wouldn’t give him any fee. We also regu- 
late the fees as well as the procedure of 
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the doctors, so that you can’t build a com- 
pensation racket in Utah, and if the lawyers 
ever went to the legislature of Utah to fix a 
fee, they’d be thrown out of the legislative 
hall. 

That’s another thing you have to contend 
with which we don’t, and I understand your 
problem, I’m not trying to kid anybody. 

You have a group of rather powerful at- 
torneys in these larger states, and they 
pretty much run the show, and then you 
have the doctors. 

Moperator One more question. 

Mr. W. R. Barnes: (Allegheny-Lud- 
lum Steel Corporation): There have been 
a couple of statements today that the doctor- 
patient relationship should not be injured 
by getting a doctor involved in this proce- 
dure too deeply after it gets started. How 
can that statement be made against the fact 
that the doctor in the plant has the best 
information with regard to the patient’s 
situation immediately after the injury? I 
think the doctor in a plant is the best wit- 
ness or the one most aware of what hap- 
pened to the employee, because he examines 
the employee right after the injury. Now, 
can you keep him out of the investigative 
procedure, out of giving testimony as to the 
condition of the patient? You said on one 
hand that he should not get involved in this 
machinery. 

Dr. Wuitaker: I think that if the doc- 
tor’s testimony is limited to fact, he’s not 
going to cause any hard feelings between 
himself and his ‘patient. It’s when he gets 
involved in theories, etc., that we begin to 
get differences of opinion. If he says, 
“This man told me such and such and I have 
found that he had this,” those are facts 
which no one can dispute. I don’t think 
that would cause any difference of opinion 
or any hard feelings between the patient 
and the doctor whatsoever. 

Moperator I think you meant 
that Dr. Whitaker implied that the plant 
physician or plant-related physician should 
not be used to testify in workmen’s com- 
pensation proceedings? 
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Mr. Barnes: I wanted to find out to 
what extent he meant that. 

Moperator don’t think that he 
did. 

Dr. Wuitaker: No. 

Mr. Jackson: think I’m _ responsible 
for that statement. In addition to the pos- 
sible disturbance of the doctor-patient re- 
lationship, we have found through sad 
experience that the testimony of a plant 
doctor in a contested case carries practically 
no weight with the hearing officer. In fact, 
his testimony is not only disregarded, but 
in some jurisdictions it is regarded with 
contempt. 

In order to avoid embarrassment to our 
doctor, as well as the danger of having the 
employee develop the concept that “this is 
a company doctor,’ we use outside con- 
sultants and experts when medical testi- 
mony is necessary in contested cases. 

Mr. Waters. 

Mr. Waters: I hate to interject so fre- 
quently, but I would like to ask this panel 
one question which I think is germane to the 
basic problem. What can be done through- 
out the country to remove the appointment 
of commissioners of the statutes from the 
field of political plums ? 


MoperaAtor Hitt: 


I am not so much concerned with the lan- 
guage of the law, although I have been 
wrestling with it to my complete frustra- 
tion; IT am concerned with its administra- 
tion, and in the states in which I have 
practiced on the eastern seaboard, practically 
all of these appointees represent political 
appointments. What if anything could be 
done to step up the status of the commis- 
sioners so that we would have more effec- 
tive administration ? 

I'd like you to comment on that, Mr. 
Hill. 

Moperator Hiv: First of all, I think a 
position on Workmen’s Compensation Com- 
mission or Industrial Accident Commission 
or Industrial Accident Board should be a 
full-time job. The statute should provide 
that the members cannot practice law or 
medicine or engage in any business activity. 
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I think that these jobs should command 
salaries commensurate with salaries that are 
paid in some of the courts—I am not going 
to say in the highest courts, but sufficient 
so that qualified men are attracted to these 
posts. 

Then, you should give them tenure—l 
would say a minimum of six years, and 
staggered terms. 

Personally, | believe they should be law- 
yers. 

The next problem is to educate the gov- 
ernor, the appointing officer, as to the ter- 
rific responsibility that the administrator has 
so that he will really understand—and I 
can’t over emphasize this—the need for hav- 
ing a person whose integrity cannot be ques- 
tioned whatsoever, and who does not 
represent anyone but the public, does not 
come from insurance companies, or from 
employer groups or from the union organiza- 
tions nor from the National Association of 
Claimants’ Compensation Attorneys. I 
don’t know how you are going to do it, but 
you must get objective people. 

I think probably carriers and employers 
in the past have paid no attention to sal- 
aries, paid no attention to who was ap- 
pointed, or may have promoted the idea that 
one member should represent labor and an- 
other should represent employers and an- 
other should represent somebody else. Then 
you have different kinds of representation. 
Actually, it is the public that should be 
represented. 


Although that doesn’t answer your ques- 
tion very well, maybe part of it can be 
done through advisory committees, but if 
the Governor says, “Well, I’m going to 
give this to labor,” and he puts three labor 
people on the Commission, what are you 
going to do about it? 


It is somewhat of a political football. 
Somewhere along the line we should try to 
correct this situation. 

I'd like to have somebody tell me how 
you can get a competent administration. Mr. 
Wiesley has the respect, undoubtedly, of 
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labor and industry. That's the key to the 
successful operation. 

1 understand that some states the 
members of the Commission practice law, 
and I have been told here this morning, 
that some of them do so and make as much 
from their law practice as they make as 
an administrator. They don’t consider the 
latter a full-time job. 

You have to elevate the office to a point 
where it has respect and dignity if you are 
going to get successful administration. 

Wisconsin has a good administration. 
Perhaps Mr. Kuechle will comment. 


in 


Mr. Kuecuie: One of our present com- 
missioners, Mr. Goodson, carries a steam- 
fitter’s card in his pocket. I don’t think 
that anybody would ever accuse him of not 
being absolutely level and on the square and 
not representing the public. 

We have had long tenure, of course, in 
Wisconsin, Our Governors have kept quali- 
fied men in, but I don’t think even in Wis- 
consin you'd ever convince the Governor 
that he shouldn’t have the right to appoint 
people for political reasons. I think that’s 
true anywhere. 

Mr. Waters: I would like to say a few 
words about the Commission upon which I 
have been serving in Maryland. The Com- 
mission is proposing to file a further re- 
port with the Governor on the incoming 
legislature, so I must of necessity be 
guarded in what I say. 

This is one of the problems that we face. 
I share Mr. Hill’s comment that industry 
and insurance, and, if you please, respon- 
sible labor groups have failed to make their 
voices known to the Governor of my state 
and the Governors of other states with re- 
spect to that particular type of appointment. 

It seems to me that in certain industrial 
states industrial medicine is somewhat the 
stepchild of the medical profession. I feel 
that industrial medicine should take the 
lead, and, with regard to panels, I think 
that manufacturers’ associations, commer- 
cial groups, associations of commerce, and 
insurance groups should let the Governor 
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know that they are interested in those ap- 
pointments and should see that proper peo- 
ple are appointed. 

The members of the Maryland Commis- 
sion feel that we should not go to the Gov- 
ernor with any recommendation as to an 
appointee, and I think that is proper. 

I come back to the question I have posed 
to Mr. Hill, and which I think all of us in 
this room should be thinking about: What 
can be done to see that competent adminis- 
trators of the law are eventually appointed, 
divorced, if you please, from political con- 
siderations insofar as that is possible? 

Mr. Kuechle doesn’t think that is possi- 
ble. I think it is, if we raise the stature 
of these Commissioners so it is comparable 
to that of our judges who are divorced 
from the practice of law, if we prohibit 
their practice of law and make the job of 


Commissioner a full-time one. Then, | 
think we'll get somewhere. 
UNIDENTIFIED SPEAKER: My _ quarrel 


hasn’t been with the Commission on_ the 
handling of industrial cases. I think we are 
giving the Commission a black eye. 

It’s after the case has been denied by the 
Commission and it goes on into the court 
that the employer loses out. 

Moperator Ill have to say | agree 
with you. Ohio administration is relatively 
good from the standpoint of the Adminis- 
trator, the Regional Board of Review, and 
the Industrial Commission, but the proce- 
dure by which you make your first record 
in Common Pleas Court and then go from 
there to the Superior Court and then to the 
Supreme Court has no place in the work- 
men’s compensation system. 

The cost of such adversary proceedings 
can be considerable so you are almost forced 
to compromise cases in Ohio, 

Why should you go to a jury on a ques- 
tion of fact, where the man can testify to 
anything he wants to for the first time? He 
comes in with a cane; the jury is sympa- 
thetic toward him. 
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You have to compromise borderline cases 
to keep them out of court because of the 
cost of litigation. 

The administration in Ohio is good, but 
the system is poor. You cannot blame the 
Commission. I think that in Ohio the Com- 
missioners work full-time; they are reputa- 
ble persons and they are political appointees, 
but they do a good job. 

UNIDENTIFIED SPEAKER: The attorney 
would just as soon be beaten in the Com- 
mission. 

Moperator Hitt: That doesn’t make a 
particle of difference because the cost of the 
adversary proceeding is terrific. 

Mr. A. (United States 
Smelting Refining & Mining Company): I 
don’t want to belabor this matter of a medi- 
cal panel, but | have heard some comments 
here today that it won’t work here or it 
won't work somewhere else. I might say 
that 25 or 30 years ago in Utah we would 
have said the same thing. 

We went through our growing pains; 
we had all the troubles that you people 
from other states have and have had, but 
about 20 years ago industry and labor got 
together, as Commissioner Wiesley has al- 
ready told you, on amendments to the 
Workmen’s Compensation Act and the 
preparation and enactment of the Occupa- 
tional Disease Law, and since that time 
there hasn’t been a single amendment to 
either Act that hasn’t been based upon an 
agreement between industry and _ labor. 
There has developed through those years— 
and thank goodness Commissioner Wiesley 
has been a member of the Commission, and 
in more recent years the chairman of it 
through much of that time—a spirit of 
working together between labor and _ in- 
dustry and the Commission that I think has 
gone a long way to working out some of the 
problems that we have solved, and the medi- 
cal panels proposed by Commissioner Wies- 
ley have been a development of that. 

Now, Commissioner Wiesley had been 
Commissioner and chairman through several 
administrations, some of them Republican 


and some of them Democratic, but I can 
tell you that when industry and labor say 
that the Commissioner should stay on the 
Commission, the Governor listens. 

And I’m just wondering what would hap- 
pen if you people here from other states 
got a good administrator and your industry 
and your labor groups got together and 
said “Now, look, we want Commissioner 
‘X’ to stay”; | wonder whether he wouldn't 
be kept on. I think he would. 

Mr. G. T. SKINNER (U. 5S. 
poration ) : 


Steel Cor- 
It has been most stimulating to 
hear this discussion of the system in Utah 
and other topics. I wish to suggest that the 
subject of this particular meeting, “The 
Functions of Industrial Relations Depart- 
ments Pertaining to Workmen’s Compensa- 
tion” be again on the agenda next year. 

| don’t think that the subject has been 
fully discussed to the extent of the inter- 
play of the industrial relations department 
with the accounting department and possi- 
bly other operations, I think it would be 
good for the session next year to have a 
panel on the grass roots problems of in- 
dustrial relations, accounting, and opera- 
tions in the administration of workmen's 
compensation. 

As you very well know, in Pennsylvania 
we have the voluntary agreement system of 
compensation. [I would say roughly that 
90% of workmen’s compensation payments 
are paid on the basis of voluntary agree- 
ment, 

In other words, so far as the discussion 
today regarding these adversary proceed- 
ings, we are talking about 10% of the cases, 
or we are talking about the tail of the dog, 
so | recommend the grass roots treatment 
next year. 

Mr. Sourar: I merely wish to say 
“Amen” to that statement. I can’t speak 
for all of the people in this room, but | 
know there are a lot of them who are in- 
terested in the interplay of the various de- 
partments within a company as opposed to 
the relationship between an insurance com- 
pany, let us say, and the settlement of these 
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claims, because I suppose that a good many 
of them here are self-insurers and they 
don’t get into the situation at all. It’s 
strictly a question of who in the company 
decides how to handle these cases, and 
where the medical department and person- 
nel departments come in, where the man- 
agement comes in, all of this, along with 
the relationship between the central office 
and divisional set-up. I think in most com- 
panies this is apt to be rather sloppy admin- 
istratively and in many other companies 
the central organization doesn’t know what 
is going on in these cases. There is no re- 
porting system, no well-defined relationship 
or no teamwork as a company between 
these groups, and that was my approach to 
this subject when I first brought it up. 

I think the discussion has tended to shift 
off in the direction of the relationship of 
the insurance company and the industrial 
relations department. 

Mr. E. D. Ranpe (Westinghouse Air 
Brake Company): I am wondering if the 
panel would care to comment on what the 
practices or recommended practices are so 
far as retaining attorneys and legal advice 
on workmen’s compensation cases in view 
of the fact that most moderately large com- 
panies have attorneys on their payroll who 
are not specialists in workmen’s compensa- 
tion work? Do those companies use those 
attorneys for cempensation work, or do 
they retain outside experts whose major 
policies and major operations are compen- 
sation work ? 

Moperator Hitt: That’s a very good 
question. Who wants to lead off here? 

Mr. Jackson: I'll start off with it. We, 
too, have a legal department, but none of the 
members of that staff are specialists in 
workmen’s compensation. We therefore re- 
quire our industrial relations manager to 
have sufficient knowledge of the Work- 
men’s Compensation Law to recognize when 
he needs additional help. When the case is 
one in which counsel is necessary, he ob- 
tains the services of counsel specializing in 
workmen's compensation. The use of coun- 


481 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


sel must have prior approval by both the 
legal department and my office. 

Dr. Wuitaker: Allis-Chalmers is a 
large company, too. We have many at- 
torneys working on our staff. Our Com- 
pensation Department is headed by an 
attorney who is a specialist in workmen’s 
compensation. All workmen’s compensation 
cases in our large plants are handled by at- 
torneys who are specialists in workmen’s 
compensation. In our smaller works, the 
situation varies, It may be that only one 
person handles such cases and he also han- 
dies industrial relations and labor relations, 
etc. In most instances, he will usually hire 
outside attorneys to try cases. 


Dr. Pau S. Ricuarps (Memorial Medi- 
cal Center, Salt Lake City): I have been at 
this job medically now for 37 years, and 
there is an educational factor back of this 
whole thing that I think we have pretty well 
lost sight of, or at least we haven’t given 
it quite enough prominence. 

We have talked a lot about the Utah plan. 
I don’t want to go into the medical im- 
plications of this thing or the medical im- 
portance of it, but I know this: In the early 
stages we had the employer to educate from 
a medical viewpoint as to what his respon- 
sibilities were to the patients; we had the 
legal men to educate as to what these dis- 
eases were; we had the Commission to edu- 
cate as to what the medical problems were. 
I practiced long enough that I know every 
single Commissioner who has ever been in 
the State of Utah over all this period: of 
time, have known them very personally. 

I think that this has been a great educa- 
tional problem. Many times I have met with 
a group of attorneys; many, many times | 
have met with the Self-Insurers Associa- 
tion; and as Mr. Wiesley has alluded to me 
already in his implications as to what part 
the medical phase played in this, our Gov- 
ernor has been very, very liberal in our 
background of these industrial problems. 


Mr, Wiesley is well-informed medically, 
and [ think when a medical man appears 
before him to testify, Mr. Wiesley knows 
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pretty well whether the doctor is telling him 
the truth or not the truth. 

I think, industrially speaking, Mr. Wies- 
ley is better prepared than 95% of our doc- 
tors in the State of Utah. 

I have met with labor on scores of oc- 
casions to help to educate them into this 
thing. There is an educational program to 
which we must pay attention, and I think 
that a great deal of the problem at the 
present time lies with the medical profes- 
sion to see that this educational program 
continues. 

We can handle this problem by breaking 
it down into its component parts. Don’t 
tell me that it won’t work, Mr. Kuechle. It 
won't work if people won’t let it work, or 
won't make it work. It can work. I’ve 
been at this thing a long time, and I know, 
if the insurance people, the medical pro- 
fession, labor, and the attorneys have the 
determination to make it work and all get 
together, it does work. 

Mr. Kvecute: You know, my young 
friend Richards over there has only been 
at this game for 36 or 37 years. I started 
to work with the Wisconsin Industrial Com- 
mission on Feb. 12, 1912. I worked for 
the first Commission. I’m not saying the 
Utah plan isn’t any good, but I don’t think 
it’s necessarily the only plan or the best 
plan. 

We have one, too. We have had advisory 
committees for over 40 years, and never 
once has a proposal been made by anyone 
to adopt the Utah plan. 

As I recall, I think I heard Mr. Jack- 
son say that the insurance companies did not 
do a good job representing industry before 
legislatures. That’s one I would like to 
answer, because it so happens that I have 
been sitting on the advisory committee in 
Wisconsin for about 40 years, since it was 
started, and do you know where we have 
the biggest trouble? It’s with companies 
like Johns-Manville who end up by pay- 
ing more benefits under unemployment and 
under compensation because of the union 
than the law provides. So, what do they do? 
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You ask them to go down and fight against 
benefits. They say: “Why 
should we fight? We have to pay them. 
Why shouldn't the rest of you pay them?” 


increase in 


Now, we sit in with the manufacturers’ 
association group. We give them advice. 
The carriers never make any 
comments about the size of the benefit in- 
creases. 


insurance 


We have talked that over with indus- 
tries before, but never publicly do they 
speak about it. 

We talk about the administrative aspects 
of that law. Now, also, you know, only 
about 25% of all the compensation business 
in the United States is uninsured or self- 
insured. Either we are going to like each 
other, the self-insurers and the insurance 
companies, or we are all going to be in the 
same kettle of fish; we will have monopolis- 
tic insurance such as Canada has, and | 
don’t think we are going to like that. 

Moperator Hitt: Here is a question 
for Mr. Jackson and Mr. Wiesley. 

“Conceding the practical necessity in some 
labor negotiations to discuss the Supple- 
mental Unemployment Benefits clause, is it 
sound public policy to include substitutes 
for or to expand statutory workmen’s com- 
pensation benefits by provisions included 
under labor contracts?” Mr. Jackson, you're 
first. 

Mr. Jackson: This ties in with some of 
Mr. Kuechle’s comments. May I hasten to 
explain that Johns-Manville is not among 
the companies that have expanded the bene- 
fit level above that prescribed by statute. 

There are other companies represented 
here who have, however. I think I ex- 
plained that our deviation from legal re- 
quirements pertains to the medical control 
of a case. To accomplish our objective of 
complete rehabilitation, we will go beyond 
the limitation to medical care prescribed in 
some jurisdictions. 

Moperator Hi: [| think you go a little 
further, because it says here, “By provi- 
sions included under labor contracts.” Now, 


I don’t think you include in your labor con- 
tract that you give unlimited medical care. 

Mr. Jackson: We do not. That is a 
medical program policy, not a provision of 
the labor agreement. 

Moperator Hitt: I’m going to restrict 
you on this, because that’s the question. 

Mr. Jackson: I have considerable sym- 
pathy for some of the companies who 
have supplemented workmen’s compensa- 
tion benefits, knowing the pressures under 
which they have operated. On the other 
hand, as Mr. Kuechle suggested, it throws 
the rest of us into a fine kettle of fish when 
we attempt to take the stand, “no increase 
in benefits unless we can get changes in the 
law which will correct some of these ad- 
ministrative problems we have been talking 
about.” 

Our thinking, and I believe it reflects the 
thought of many other companies, is that 
we would have not the slightest hesitation 
in agreeing to a substantial benefit rate in- 
crease, say to the original two-thirds of 
average hourly earnings, if such a benefit 
rate increase would guarantee the equitable 
type of administration we have been talk- 
ing about as being desirable. 

Mr. Waters: That’s a whale of a big 
difference. 


Moperator Fine, thank you. Now, 
Mr. Cowie, would you like to comment on 
that? 

Mr. Cowte: I just want to mention one 


example that occurred to us here in the last 
two or three years. 


In a midwestern state we had a company 
who agreed with the union to pay the em- 
ployees during the seven-day waiting period 
of that state. 


We found out that during the periods of 
low employment, the employees were in- 
clined to stay out that seven days with 
very minor injuries, and the same em- 
ployees, when full-time employment was in 
progress, would be on tap. We took that 
up through the employment; eventually it 
was taken up with the union, and when the 
facts were presented and discussed, the 
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union agreed to discontinuance of the plan. 
Moperator Hitt: Mr. Wiesley. Is 
there anything that you would like to add to 
this? 
Mr. WIESLEY: 
anything like that. 


We completely ignore 
We don't think that 


labor and management have any business 
arbitrating or including in their contracts 
anything pertaining to medical care and 
treatment of the employee, and we have 
one employer, a lead-zinc mine, that in its 
last contract provided for an additional $10 
a week if the employee was injured and 


wasn't able to return to work, but what we 


do in this case, if we ever got one—we 
haven't so far—we would consider that sup- 
plemental payment as wages and we'd sim- 
ply reduce the carrier’s share by adding 
that to his other. 

Moperator Hitt: Now, is there anyone 
else? We have a time limit. 

1 want to thank all the members of the 
panel. I think they have done an excep- 
tionally good job. It has been a real privi- 
lege to serve as moderator, and | appreciate 
the fine response from the audience. I hope 
that you have received some ideas out of this 
that will prove beneficial. 
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Engineering Conference 


PHILIP DRINKER, Sc.D., Chairman 


Engineering Conference speakers. Left to right: 
Fred E. Tucker, Industrial Hygienist, Weirton 
Steel Company; W. G. Cryderman, President, 
Kaybar, Inc.; Dr. Philip Drinker, Harvard Uni- 
versity School of Public Health; R. C. Ortgies, 
Staff Engineer, American Air Filter Company, 
Inc.; J. B. Graham, Associate Director of Re- 
search, Buffalo Forge Company. 


Engineering Conference speakers. Left to right: 
John M. Kane, Manager, Dust Control Products, 
American Air Filter Company; George J]. Nebel, 
Fuels and Lubricants Department, Research Staff, 
General Motors Corporation; C. B. Dahl, Research 
Engineer, Beloit Iron Works; Dr. Allen D. Brandt, 
Medical Department, Bethlehem Steel Company; 
Ralph W. Bishop, Fuels and Lubricants Depart- 
ment, Research Staff, General Motors Corporation. 
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Plastisol Coatings in Ventilation Systems 


W. G. CRYDERMAN, Birmingham, Mich. 


Because many of you here have probably 
had little or no association with plastisol, | 
should like to take time to define the word 
plastisol and some of its general physical 
properties and applications. A plastisol is 
not a paint. Its application is in the same 
field as sheet linings and in equivalent thick- 
nesses. 

A plastisol is made up of vinyl chloride 
resins mixed with a suitable plasticizer. 
Generally, a stablizer will have been added 
to limit the build-up of hydrochloric acid 
during the heating cycle and also usually a 
small amount of pigment will have been 
added for color. Most commonly, a poly- 
vinyl chloride resin is used, and this may 
be combined with one or more of several 
hundred plasticizers. The particular plas- 
ticizer or plasticizers used are determined 
by the physical and handling characteristics 
required of the plastisol. Plasticizers can 
vary the hardness, tensile strength, curing 
temperature, viscosity, and, in effect, es- 
sentially any characteristic of the raw plas- 
tisol or cured material. 

In the original prepared state, a plastisol 
is in liquid form, generally in a rather heavy 
viscosity varying from something on the 
order of a heavy engine oil up to a semi- 
solid form comparable to axle grease. Upon 
the application of heat, the vinyl resins dis- 
solve in the plasticizer and assume a rubbery 
form. As additional heat is applied, a com- 
plete dissolving of the vinyl resin takes 
place, and the material takes on not only 
a rubbery texture, but a dense form, high 
gloss, and maximum physical strength. 

Plastisols are applied to a basic material. 
generally metal, to provide chemical, elec- 
trical, or physical protection. They are also 
molded and extruded. Application of plas- 
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tisol to metal is by cold dipping, hot dip- 
ping, or spraying. Cold dipping requires 
material compounded with proper surface 
tension and is generally limited to wire 
goods or other similar forms of material. 


Hot Dip and Spray Applications 

Our discussion of plastisol coatings in 
ventilation systems will deal with the hot 
dip and spray applications. 

In hot dipping, the work is cleaned and 
then coated with a phenolic or phenolic 
epoxy type of primer. It is then preheated, 
usually to 350-450 F, for a period of 5 to 
30 minutes, and then dipped hot in the liquid 
plastisol. Owing to the dissolving of the 
vinyl in the plasticizer, the material sets on 
the work sufficiently so that it will remain 
in place until the work can be returned to 
the oven for a complete cure. 

In spray application, the work is primed, 
the primer baked and allowed to cool before 
spraying. For spraying, the formulation is 
modified so that the plastisol is thixotropic 
in nature. This means that while its original 
viscosity is relatively heavy, it can be forced 
through heavy-duty guns with substantial 
pressure, but when deposited on a surface, 
will have little tendency to flow or creep. 
Wet coats of up to % in. can be deposited 
on a vertical surface and will remain in 
place until the work can be placed in an 
oven for curing. In actual application, wet 
thicknesses of 20 to 40 mils are used. Mul- 
tiple coats are applied by setting each coat 
prior to the application of the next wet coat. 
After the desired thickness has been built, 
a bake at 375-385 F for one to three hours 
will not only completely cure all layers, but 
will bond them into one homogeneous coat- 
ing. In proper application, there is no tend- 
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ency toward lamination or other boundary 
layer definition. 


In ductwork, fans, ventilation hoods, and 
other components of ventilation systems, 
either or both spray and dip applied plas- 
tisols are used. The primary determination 
in the type of application is physical size. 
Hot dipping is a less expensive process. 
The required thickness can generally be es- 
tablished in one dip, and on small diameter 
ducts and other items where size is limited, 
it is the only satisfactory way to apply plas- 
tisol. On the other hand, where the work 
is with large diameter ducts, air scrubbers, 
large fans, or hoods, these surfaces can be 
very effectively and satisfactorily coated by 
the spray method, and because of the physi- 
cal limitations in dip tank size, it is again 
the only practical way to provide coating on 
such large pieces. Spray coatings are also 
used on many other large items, such as 
tanks, storage bins, and hoppers. 

While plastisols do an exceptionally good 
job of providing chemical or mechanical 
protection on various ventilation systems, 
they do, like any other material, have def- 
inite limitations, and I should like, in a 
general way, to categorize the applications 
in which they should and should not be 
considered. 


Temperature Imposes Limitations on 
Application 
The first consideration, in all cases I be- 
Above 150-160 F, 
plastisols start to lose their physical proper- 
ties. This loss is rather slow initially, but 
progresses quite rapidly above 180 PF. In 
most ductwork systems where there is no 
direct immersion in water, 160 F can be 
considered a satisfactory limit, and in cer- 
tain acid exposures this can be raised to 
probably 170 F. Where direct immersion is 
encountered in items such as air scrubbers, 
we like to think of 150 F as the absolute 
maximum for acid exposure, and in the 
case of alkaline exposure, as low as 130- 
140 F. The reason for this deviation is 
that strong alkaline materials tend to leach 


lieve, is temperature. 


Cryderman 


out plasticizers under conditions of direct 
immersion and this leaching out becomes 
quite noticeable at about 130-140 F. Ulti- 
mate failure under excessive temperature in 
immersion is in the form of blisters which 
generally start small but increase in size as 
vapor passage continues to build a water 
pocket behind the initial break. In handling 
normal dry or moist air, one generally en- 
counters little difficulty from temperature 
below the limitations previously discussed. 
There is one other place where temperature 
imposes limitations on application, and that 
is on fan wheels, On high-speed fans, cen- 
trifugal force tending to pull the coating off 
the tips is substantial. Above 140-150 F, 
creep generally progresses quite rapidly un- 
til a failure occurs by the material flowing 
off the tips. 


Chemical Exposure 


Chemically, plastisols withstand almost all 
the commoner acids, such as sulfuric, hydro- 
chloric, chromic, and phosphoric. They also 
handle alkaline material very well when the 
temperature limitations set forth previously 
are kept in mind. They will not withstand 
acetic acid or light petroleum derivatives, 
such as ketones and naphthas. To show this 
picture more clearly, chemical resistance 
sheets are available which not only give the 
material, but give various temperatures at 
which they were checked in service. These 
interpretations were derived in the labora- 
tory and should be used primarily as a 
guide. 


Mechanical Exposure 
In ventilation systems handling abrasives, 
plastisols do quite well on materials such as 


sand, but will be chewed rapidly when sharp 
or heavy chips are handled. 


In summary, plastisols provide rugged, 
economical protection when properly ap- 
plied and employed within their limits of 
temperature, chemical and mechanical ex- 
posure, 


They provide much easier and accord- 
ingly less expensive application to irregular 
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surfaces than do conventional sheet linings. 
On fans, baffles, air scrubbers, irregular 
ducts, and other similar items, it is not only 
difficult to apply sheet linings, but often 
special engineering must be done on the 
item to provide rounded edges, fillets, etc. 
Being sprayed, these irregular surfaces im- 


pose no particular problems on application 
of plastisol. 

Probably most important, plastisol coat- 
ings have no seams or joints, and they are 
not cemented but chemically bonded to the 
basic metal. 
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Heat Load 


FRED E. TUCKER, Weirton, W. Vo. 


Some of the largest industrial buildings 
in America can be found in the steel in- 
dustry. These buildings are long narrow 
structures with high roof bays, sometimes 
extending more than 100 ft. above the floor. 
A typical modern hot strip mill building may 
be 1900 ft. long, 120 ft. wide, and 75 ft. 
high. Most of these buildings are under 
heat loads which are considerably in excess 
of normal. 

Consider the air required to adequately 
ventilate a building with 228,000 sq. ft. of 
floor area and 17,100,000 cu. ft. of air 
volume. Then multiply this system many 
times to accommodate the requirements of a 
large integrated steel company. The final 
figure for ventilation in cubic feet per 
minute is immense. This paper will outline 
the history of one steel company’s efforts 
to satisfy its ventilation needs so that its 
employees might receive the best possible 
ventilation at the least possible economic 
stress. 


One Unit for Heating and Ventilating 
Economical 

When considering industrial ventilation, 
it is economically wise to consider both heat- 
ing and ventilating in one single unit. This 
was not the case in the beginning in steel 
plant ventilation. In the beginning “gravity 
ventilation” was the only means provided 
for environmental cooling. In this installa- 
tion, roofs were equipped with canopy ven- 
tilators. The sides of the buildings were 
removed during warm weather and the air 
was permitted to sweep in through the sides, 
up and out through the canopy ventilators. 
The heat source, such as a furnace or hot 
rolling mill, provided draft for the system. 


Ventilation of Large Industrial Buildings Under 


This system produced cool areas along the 
sides of the buildings, but virtually no relief 
in the center of the building where most of 
the work was being performed. During cold 
weather the building was closed up as tightly 
as possible in order to utilize as much heat 
as possible from the heat source. The 
canopy ventilator, heat source, and leaks in 
the outside walls provided cold drafts 
throughout the building. These drafts were 
overcome with gas, coal, or coke fired sala- 
manders for local heating. You can imagine 
the number of potential industrial hygiene 
hazards in this type system. Surprisingly 
enough, some industrial buildings are still 
being ventilated and heated in this manner, 
and this situation is not limited to the steel 
industry. 

“Steel Facts,” a publication of the Ameri- 
can Iron and Steel Institute, in its June, 
1957, issue printed the following: “At the 
dawn of the ‘Age of Steel’ in the United 
States, about 100 years ago, the estimated 
total production of steel was approximately 
equal to one hour’s output by the modern 
industry.” The total yearly output of steel 
in the United States has risen from ap- 
proximately one-half million tons in 1856 
to 115,000,000 tons in 1956. This tremen- 
dous and rapid growth has brought with it 
many problems of concern to the industrial 
hygiene engineer. 

The first recognition of these problems by 
industry, in the form of active corrective 
measures, took place approximately 30 years 
ago. It was at this time that the steel in- 


dustry realized the direct relationship be- 
tween good industrial health and production. 
It was this realization, and the corrective 
measures instituted that caused the initial 
concern over good ventilation practices. 
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unit heater. 


Fig. 


Exhaust Ventilation Required New 
Heating Methods 

In order to correct adverse industrial 
health conditions, it became necessary to 
exhaust processes guilty of emitting envi- 
ronmental air contaminants. This exhaust 
ventilation placed virtually all industrial 
buildings under negative pressure. I am 
sure that all of you present here today have 
had the experience of attempting to open a 
door leading into a plant building and hav- 
ing to exert considerable force to counter- 
act the negative pressure inside the building. 
This negative pressure increased the num- 
ber and velocity of already existing drafts 
around the perimeter of the building. It 
soon became evident that old methods of 


industrial heating were not applicable in this 
new era of exhaust ventilation, 


Advantages of Area Air Conditioning 


Although it would appear that heating of 
industrial buildings is far afield from the 
title of this paper, this concern over heating 
was actually the first big step forward in 
the evolution of industrial cooling. The 
maintenance problems and limitations in- 
volved in the use of unit heaters and 
ventilators eventually brought about the in- 
stallation of area air-conditioning systems 
presently in use at the Weirton Steel Com- 
pany. These problems and limitations are 
relatively well known, but will be discussed 


Fig. 2—A unit heater- 
ventilator. 
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at this time to point out the advantages of 
area air conditioning. 

Figure 1 shows a gas fired unit heater 
capable of producing 15,000 cfm of heated 
air, This unit consumes valuable floor space, 
uses 100% recirculated room air, and is a 
constant winter maintenance problem due to 
the coke oven gas fired jets. Such units 
provide poor localized air distribution and 
are of no value as air cooling or make-up 
air units. For even limited industrial heat- 
ing, one large building may require several 
of these units, each unit presenting a sepa- 
rate maintenance problem for the electrical, 
mechanical, and fuel departments. 

Figure 2 shows a unit heater-ventilator 
which goes one step further toward the 
ultimate goal of good industrial air-condi- 
tioning practice. This unit is of 12,000 cfm 
capacity, designed to deliver 100% outside 
air during both the heating and ventilating 
cycles. The unit is wall mounted to con- 
serve on floor space and to provide better 
air distribution. The use of 100% outside 
air helps to offset the negative pressure 
present in modern industrial buildings and 
also produces some cooling during hot 
weather. It does, however, provide poor air 
distribution owing to the necessity of locat- 
ing the unit on an outside wall, and the 
multiplicity of units necessary for heating 
or ventilating a large building provides 
many separate maintenance problems for 
the mechanical and electrical departments. 
Maintenance is reduced on this unit by the 
use of steam coils for heating in place of 
coke oven gas shown in Figure 1. These 
units are satisfactory for small areas with 
available outside walls or low roofs. 

In 1943, during the Second World War, 
the Weirton Steel Company constructed a 
large building to house facilities for the 
manufacture of shells for the government. 
It was in this building that the company 
installed its first controlled damper, area 
air-conditioning system. This system, pat- 
ented by Mr. W. W. Kompart, former 
combustion engineer, Weirton Steel Com- 
pany, has served as a prototype for all fu- 
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ture installations in new construction of 
large buildings. For purposes of this paper, 
a large building will include any area greater 
than 50,000 sq. ft. This system, installed 
13 years ago, is still in operation in this 
building, which is now used as a company 
warehouse. 

Since 1943, the Weirton Steel Company 
has installed 10 additional systems of this 
design. These consist of four units at 120,- 
000 cfm, three units at 174,000 cfm, and 
three units at 212,000 cfm, plus the original 
unit in the shell plant, for a total of almost 
2,000,000 cfm of conditioned air. Accord- 
ing to figures received from one of our ven- 
tilation contractors, these units can be 
installed, complete with heating coils, fan, 
ductwork, and automatic thermostat con- 
trols, for less than 50 cents per cubic foot 
of air capacity. 


Objectives to be Considered in 
Engineering Design 

In designing this system, our engineer- 
ing department had several objectives in 
mind. These were (1) design a system that 
would eliminate the multiple maintenance 
problems encountered in the use of unit 
heater ventilators ; (2) supply the maximum 
amount of conditioned fresh air (not less 
than 2 cfm per square foot of floor area) 
without unduly increasing the cost of heat- 
ing the air; (3) provide an efficient method 
of thermostatic control to maintain constant 
uniform room temperatures and eliminate 
manual control of the system, and (4) pro- 
vide efficient air distribution at an elevation 
above the floor capable of producing maxi- 
mum value per cubic foot of conditioned air. 

A drawing of the system designed to ac- 
commodate these objectives may be seen in 
Figure 3. This system consists of a casing 
(11) and a 
heater or radiator (12). An air-circulating 
motor-driven fan (13-14) is provided at the 
outlet end of the casing for circulating air 
through the system and discharging con- 
ditioned air through the outlet duct (15) to 
the area to be conditioned. The casing is 


(10) containing a plenum 
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provided with an inlet duct (16) which 
communicates with a source of outside air 
and in which an adjustable normally open 
damper (17) is mounted for controlling the 
amount of outside air drawn into the ple- 
num. A recirculated air duct (19) extends 
through the wall of the casing and com- 
municates with the space being conditioned. 
An adjustable normally closed damper (20) 
controls the amount of recirculated air 
drawn into the plenum. The dampers are 
interconnected through a suitable linkage 
or other means (21) so that the outside 
air damper is held in its normally open po- 
sition when the recirculated air damper is 
closed as shown in the drawing. These 
dampers are so designed as to admit a uni- 
form total amount of air to the plenum, 
regardless of the relative amounts of fresh 
and recirculated air. 

A thermostat (22) is mounted in the 
plenum so that it can respond to the tem- 
perature of the air as it enters the con- 
ditioning This thermostat is 
electrically connected to a drive mechanism, 
which is in turn connected to the recirculat- 
ing dampers. When the outside air tempera- 


system. 
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Fig. 3—Plan for air-conditioning control system (By W. W. Kompart, Weirton Steel 
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ture is above a predetermined temperature, 
such as 32 F, the dampers remain in their 
normally open and closed position as shown. 
As the outside air temperature drops below 
32 F, the thermostat actuates the drive unit 
and progressively closes the outside air 
damper and opens the recirculating air 
damper so as to admit sufficient recirculated 
air to maintain a mixed air temperature of 
about 32 F in the plenum. If the temperature 
in the plenum rises above 32 F, the thermo- 
static control causes this action to be re- 
versed. Thus, the air flow control means 
is responsive to the outside air temperature 
and is automatically operable to admit both 
fresh air and recirculated air when the out- 
side air temperature is below this prede- 
termined temperature in order to maintain 
a temperature in the plenum equal to or 
greater than 32 F. 

The air-conditioning radiator (12) is 
connected through a pipe line (27) to a 
steam source, and is connected through a 
pipe (28) to condensate traps. An electri- 
cally driven valve is provided in the steam 
line for controlling the amount of heat sup- 
plied to the heating coils. A thermostat 
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(30) is mounted in a suitable location in the 
area to be heated and is responsive to the 
temperature in this area. This thermostat 
is operatively connected to the valve (29) 
through an electrically driven motor, so as 
to automatically open or close the valve the 
proper amount to maintain a substantially 
constant room temperature. For most in- 
stallations, room temperature during cold 
weather is maintained at 74 F. If, for some 
reason, room temperature rises above 74 F, 
the valve restricts the flow of steam to the 
radiators; and if the room temperature 
drops below 74 F, the valve progressively 
opens to increase the flow of steam. The 
radiator is so designed that when the air 
in the plenum has a temperature equal to 
32 F, which is the temperature at which the 
recirculating damper begins to open, the 
radiator operates at maximum capacity to 
maintain a discharge air temperature of 
120 F at the fan outlet. 

So far we have achieved three of the 
four objectives previously listed. We have 
designed one single air-conditioning system 
to replace the numerous small unit systems. 
We now have maintenance on one fan, one 
fan motor, and one set of steam coils, 
whereas a comparable system designed on a 
unit basis would have required from 10 to 
20 such individual maintenance problems. 
It is no more of a problem to maintain one 
200,000 cfm control system than it is to 
maintain one capable of producing only 
15,000 cfm. By making provision for re- 
circulation of small amounts of room air, 
we have been able to eliminate peak loads 
on the heating system during extremes in 
cold weather. This has made possible the 
delivery of large quantities of outside air 
during hot weather for area cooling, while 
maintaining a sensible heating cost during 
colder periods. 


Recirculation of Air Problems Minimized 

Recirculation of air in industrial ventila- 
tion always brings up questions of con- 
tamination of the air being discharged from 
the system into the working environment. 


Tucker 


On only nine days during the year 1955 
were we required to recirculate air for a 
period of 24 hours, when the maximum tem- 
perature for the day dropped below 32 F. 
In order to recirculate 50% in-plant air, the 
outside air temperature would have to go 
below —10 F. Our lowest recorded tem- 
perature for the year was —4 F on Feb. 
3 and 4. On these two days, for very short 
periods of time, we were recirculating ap- 
proximately 46% of the total amount of air 
handled by these systems. 

However, recognizing the potential prob- 
lems of contamination present in recir- 
culation of in-plant air, our engineering 
department has been very careful to locate 
these units in the areas of least contamina- 
tion, even at the expense of providing much 
longer headers than would have been re- 
quired with a more desirable location. Con- 
siderable effort has also been made to locate 
these systems in sections of the building 
exposed to the least amount of process heat 
to provide more efficient cooling during hot 
weather. 


Efficient Method of Thermostatic 
Control 


Thermostatic control of the system is very 
important during the three seasons of fall, 


winter, and spring. During the winter 
months, the control located in the plenum, 
which regulates the position of the outside 
and recirculated air dampers, is subjected 
to many variations in air temperature. This 
control must operate effectively to maintain 
a proper balance between recirculated air 
and outside air during cold weather. An 
improper balance in either direction would 
cause obvious defects in the supply system. 
In the spring and fall, wide variations be- 
tween maximum and minimum outside tem- 
peratures places a heavy burden on the 
steam-control thermostat, located in the 
area under ventilation. These thermostatic 
controls are all of Leeds and Northrup de- 
sign, with thermohm temperature controls 
connected with Electromax Signalling Con- 
trollers, which in turn regulate motorized 
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controls on steam and dampers. A Fisher heating coils. These controls require very 
Governor Company valve is located in the little maintenance and have operated satis- 
steam line to modulate the heat input to the — factorily over a period of several years. 
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Fig. 4—Plan of ventilation system for large building. (Above) North end of building. 
(Below) South end of building. 
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Distribution of Conditioned Air 
Important Factor 


The fourth objective concerning distribu- 
tion is the most important single factor in 
the success or failure of an area air-condi- 
tioning system. This has been very ably 
pointed out on several occasions by Mr. K. 
E. Robinson, Ventilation Engineer, General 
Motors Corporation, Many ventilation dol- 
lars have been literally “blown away” by 
the failure to provide proper distribution. 


Distribution of the conditioned air in an 
area air-conditioning system, described here, 
is also the most expensive part of the sys- 
tem, Controls, heating coils, and fan costs 
are almost incidental to ductwork costs. 
This fact makes it very easy for the design 
engineer, always of necessity conscious of 
cost, to take short cuts in distribution and 
supply which seriously impair the efficiency 
of the system. 

Air distribution in steel plant buildings 
is complicated by the almost universal use 
of overhead cranes and crane runways. 
This means that all vertical drops must 
come down on either the outside walls or 
between the crane rails of two adjacent run- 
ways. Instead of one row of vertical drops 
down in the center of the building, it is 
necessary to make one row of drops on each 
side of the building. This duplication of 
ductwork further increases the cost of air 
distribution. Figure 4 shows a drawing of 
a ventilation system recently installed in a 
large building housing a high-speed con- 
tinuous annealing line. This continuous an- 
nealing furnace has a maximum heat 
requirement of 80,000,000 B.T.U. per 
hour and approximately 1000 kw. The fur- 
nace is 109 ft. long, 21 ft. wide, and 77 ft. 
high. It is the only heat source of any 
significance located in this building. The 
building itself is 560 ft. long, 121 ft. wide, 
and 120 ft. high. 

Heating and ventilation in this building 
require the use of two 174,000 cfm area 
air-conditioning systems. The plan view of 
the building shows the location of the con- 
tinuous annealing furnace, the two area air- 
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conditioning units located at opposite ends 
of the building, and the schematic ductwork 
layout. In the center of the building, di- 
rectly above the annealing furnace, is a 
large high-bay gravity exhaust ventilator. 
The interior design of this building is 
rather unusual. In the northeast and south- 
west corners of the building are two three- 
story enclosures. The center and west side 
of the building are one-story sections from 
ground floor to ceiling. From a ventilation 
standpoint, this means that we had to pro- 
vide ventilation for three separate buildings. 
Outside make-up air is brought in 
through two small penthouses located on the 
low-bay roof sections. Furnace heat and 
products of combustion are allowed to 
escape through the high-bay gravity venti- 
lator located directly above the annealing 
furnace. By bringing the air in around the 
perimeter of both ends of the building and 
exhausting directly above the heat source, 
we are in effect sweeping conditioned 
make-up air across all floor areas and ex- 
hausting the spent air, plus furnace heat 
and products of combustion, out through 
the gravity ventilator. The basic idea in this 
design is not new and is almost identical 
with that used years ago, when the 
sides were removed from the buildings 
with gravity ventilators providing exhaust 
through the roofs. The important differ- 
ence, and one of the main reasons for the 
installation of area air-conditioning systems, 
is good air distribution. As stated earlier, 
good air distribution at the proper elevation 
above floor level, is the key to satisfactory 
industrial ventilation. Within certain sen- 
sible limits, it is not so important, in 
degrees Fahrenheit, what temperature is 
maintained in industrial buildings, but it is 
of extreme importance that this tempera- 
ture be uniform and relatively constant 
throughout the working area, and that air 
movement be present at all times. To ob- 
tain employee satisfaction, you must elimi- 
nate hot and cold spots in the working 
environment. The human body can easily 


recognize temperature differentials of as 
little as +2 F. 
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Fig. 5.—Typical row of 
discharge outlets along 
wall of continuous anneal- 
ing building. 


Distribution in this building requires the 
use of 70 separate discharge outlets. Each 
outlet contains six vertical vanes preset for 
uniform air distribution. Each outlet is 
equipped with a manually operated damper 
control system. The outlets are located be- 
tween 10 and 12 ft. above floor level and 


are directed towards the floor at an angle 
of approximately 45 degrees. This elevation 
and angle of discharge was chosen to obtain 
maximum coverage per cubic foot of dis- 
charged air. Figure 5 shows a typical row 


of discharge outlets along the northwest 
wall of the continuous annealing building. 
The overhead crane shown in this slide has 
freedom of travel for the entire length of 
the building. The location of the vertical 
drops between the crane rail and the siding 
are typical of all steel plant distribution sys- 
tems. A similar row of drops and discharge 
outlets is located on the opposite side of 
the building. 

The velocities maintained in these systems 
are as follows: Intake, 1000 fpm (maxi- 


Fig. 6.—Steam lines, 
controls, and condensate 
traps on air-conditioning 
system. 
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Fig. 7—Steam coils and thermostat for system 
shown in Figure 6. 
Fig. 8.—Position of air dampers when the intake 


mum); across the heating coils, 1000 fpm; 
fan outlet velocity, 2500 fpm; main runs, 


2200 fpm; drops to floor, 1400 fpm; dis- 
charge outlets, 950 fpm. The discharge out- 


lets deliver 5925 cfm. These outlets are so 
arranged as to supply not less than 2 cfm 
of conditioned air, per square foot of floor 
area. This minimum figure of 2 cfm per 
square foot has been proved by actual ex- 
perience on previously installed systems, to 
provide satisfactory cooling for the majority 
of our operations. There are, of course, 
isolated locations throughout our plants 
where intense localized heat loads require 
spot cooling, in addition to area air condi- 
tioning. 

The following photographs were taken 
after installation of area air-conditioning 
systems at our Tin Mill and Sheet Mill 
operations. 

Figure 6 shows the steam lines, controls, 
and condensate traps on a 174,000 cfm sys- 
tem located at our Tin Mill cutting lines. 
In the center may be seen the electrically 
driven valve for controlling the amount of 
steam supplied to the heating coils. The 
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Figure 


air temperature is above 32 F 


Fisher Governor valve previously mentioned 
is located directly above the motorized valve. 

Figure 7 shows the steam coils and ther- 
mostat for this system. This thermostat 
controls the position of the outside and re- 
Recirculated 


circulating air dampers. air 


Fig. 9.—Outside air intake for same system as 
in Figure 8. 
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Fig. 10.—Header 
stalled above galvanizing 
lines in Sheet Mill. 


enters the system when the temperature at 
this thermostat drops below 32 F. 

Figure 8 shows the position of the air 
dampers when the intake air temperature is 
above 32 IF. The outside air damper is 
located at the top of this slide and is at its 
full open position, The recirculating air 
damper shown at the bottom is completely 
closed to admit 100% outside air. The 
mechanical motorized linkage between these 
two dampers may be seen at the bottom left 
side of this picture. 

Figure 9 shows the outside air intake for 
this system. 

Figure 10 is a picture of a header recently 
installed above our Sheet Mill galvanizing 
lines. This header was run down through 
the building trusses, thus avoiding the ex- 
pense of installing two smaller ducts to 
accommodate structural details. Expansion 
joints are provided in the ductwork in be- 
tween each set of trusses to eliminate stress 
on the ductwork from expansion and con- 
traction of the structural members. Crane 
runways are located on opposite sides of 
the columns requiring vertical drops of the 
type shown on the left hand side of the 
picture. 


Summary 


In summary, by installing these area air- 
conditioning systems, we feel that we have 
satisfied our ventilation and heating require- 
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ments in these buildings for many years to 
come. This has been accomplished at a cost 
which, although initially high, will prove to 
be very low when extended over the life 
span of the system. By making the installa- 
tion of a heating and ventilating system an 
integrated part of new construction, we 
have been able to make a planned, well- 
organized attack on the problems of heating 
and ventilation. This has eliminated the 
hit-skip methods of control using unit heat- 
ers and ventilators which are constantly one 
step behind employee complaints and one 
step ahead of available maintenance. 


The industrial hygiene advantages real- 


ized from the installation of area air- 
conditioning are almost too numerous to 
mention. Problems of an industrial hygiene 
nature, which you would normally predict 
in a new installation from past experience, 
just don’t materialize when good ventilation 
is provided. The buildings are provided 
with a constant supply of fresh outside air 
at all times, which, at a rate of 2 cu. ft. per 
minute per square foot of floor area, allows 
sufficient dilution of contaminants to elimi- 
nate a large number of health problems 
normally present in the absence of good 
ventilation. 


Those of you who evaluate ventilation 
systems on the basis of air changes per 
hour, will find that air supplied at the 10 
ft. level at a rate of 2 cfm per square foot 
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of floor area is equivalent to 12 air changes 
per hour. There is no advantage to be 
gained from supplying this air at a higher 
elevation. These systems are installed purely 
for the benefit of the employee. All of our 
employees, with the exception of crane 
operators, work at floor level, and the tem- 
perature of the air at the 20, 40, or 60 ft. 
level is of no consequence in considering 
employee comfurt. Where necessary, over- 
head crane cabs can be supplied with in- 
dividual air-conditioning units. 

The problem of adequate ventilation for 
large industrial building has been with us 
for quite some time and is certainly here to 
stay. Nothing will be gained by employing 
stop-gap measures of a temporary nature in 
hopes that the problem will quietly disap- 


pear and be forgotten. Commercial es- 


tablishments, such as department stores, 
theaters, and hotels, have all recognized the 
necessity for comfort cooling. Office build- 


Tucker 


ing contractors are placing as much em- 
phasis on comfort cooling as they are on 
comfort heating in order to provide a con- 
stant, year-around temperature. Even our 
homes are sprouting window air condition- 
ers in much the same fashion as they did 
television antennas 8 to 10 years ago. The 
general public is growing more and more to 
expect these environmental conditions at 
their place of employment. 

In recognizing this problem, our engi- 
neering department has made the installa- 
tion of the system described in this paper 
an integral part of all new construction at 
the Wierton Steel Company. I have pre- 
sented it here today as a suggested and 
proved means of comfort cooling and heat- 
ing, with the desire that it may be of some 
value to you in solving your problems of 
industrial ventilation. 


Weirton Steel Company. 
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Duct Modifications to Decrease Maintenance and 


Corrosion 


R. C. ORTGIES, Louisville 


In modern industrial plants, equipment 
manufactured by numerous companies is 
blended together to perform as a single unit 
to produce an end-product. Each of the 
components must of necessity be of the 
highest quality and workmanship, precision 
manufactured, and designed for a minimum 
amount of maintenance. This was achieved 


through (1) research; (2) engineering; 
(3) field application data; (4) material 
selection; (5) manufacturing techniques 
acquired through years of experience. 

Such a combination occurs in foundries, 
particularly in sand-handling and shakeout 
systems, abrasive cleaning, polishing and 
grinding stations. All foundries are dust con- 


Scots “3 CiRcuM FERENCE 


Apvw 10% To VoLtume 


AiR Flow 


Fig. 1—Slots in regular elbow. 
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trol conscious; therefore, suitable equipment 
has been installed to prevent contaminants 
from being discharged to the working area 
and to the atmosphere. The main link between 
the manufacturing equipment and dust con- 
trol is the dust piping system. During the 
past 20 years and more, little or no improve- 
ment has been made in the dust control 
piping system except for the following: 
(1) standardization of gauge thickness of 
metal piping; (2) design specifications for 
hooding at conveyor transfer points, en- 
closures, ete.; (3) minimum and maximum 
velocities through hood openings to comply 
with (4) conveying velocity 
requirements; (5) standards for calculating 
air volumes and duct resistance, etc. 


state laws; 


Ortgies 


Air Flow 


Fig. 2—Slots in flat-sided elbow. 


Too often the main concern of engineers 
in the dust control field, as well as the 
fabricators and installers of the ductwork 
systems, is to comply with good piping 
practice, which consists of proper sizing of 
all ducts, the use of long radius elbows, 
proper location of branch pipes to the main 
ducts, and provision of cleanout doors and 
blast gates to regulate air flow. However, 
as dust loads increased with high speed 
production, it became apparent many found- 
ries did encounter wear at elbows due to 
heavier dust loads, plugging due to moisture, 
and plugging from handling materials of a 
tacky nature due to impregnation with 
grease or other materials. 

A dust piping system to be effective for 
today’s requirements must have, in addition 


501 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Use SLotTeD ELBow 


To Main Ducr 


Dry AIR 
AiR Fi ow, 
— REMOVABLE Ducr 


For Easy CLEANING 


- Moist 


25% 


AIR 
VOLUME 
— 


—\ 


to compliance with fixed regulations, elbows 
which eliminate wear and plugging and duct 
connections which are readily removable. A 
system must be designed to eliminate plug- 
ging where moisture-laden air and dust are 
handled. In many applications corrective 
measures should be taken where material 
which is semifluid or greasy is carried in the 
air stream. Proper placement of duct con- 
nections with large transitions is desirable. 

Some 10 years ago introduction of the 
flat-sided elbow was an initial step toward 
helping the abrasive problem (same as Fig- 
ure No. 2 except for slots). For extreme 
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Fig. 3.—Mixer ventilation. 


dust loads the wearing side was rubber lined 
in some cases. 

Duct modifications to decrease mainten- 
ance and corrosion which have been proved 
in the field, in foundries and allied industries 
are as follows. 


Elbows 


When abrasive, semifluid, greasy, or 
moisture-laden air and dust pass through an 
elbow, the dust is forced to the outer sur- 
face by centrifugal force. If the material 
is abrasive, holes soon appear; if there is 
moisture and dust, a plugged elbow results. 
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To eliminate or reduce these effects, it is 
necessary to prevent the material from mak- 
ing contact with the outer surface. This can 
be accomplished by saw cutting '%4-in. slots 
in the outer surface for a maximum radius 
of 120 degrees. A minimum of three slots 
are required for a 90 degree elbow (Fig. 1) 
placed at 15, 45, and 75 degrees respectively. 
The indraft air raises and deflects the dust, 
preventing contact with the outer perimeter 
of the elbow. Where flat-sided elbows are 
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ed 


Fig. 4—Aerator ventilation. 


used, the above procedure is carried through 
on the outer flat plate only (Fig. 2). Addi- 
tional air required to compensate for slots 
is approximately 10% of volume passing 
through each elbow for small diameter pipes, 
with smaller percentage for larger sizes. 
While volume through slots is a function of 
the total pressure in the ducts and the duct 
diameter, it will approximate an additional 
10% of the exhaust volume. 
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Sand Mixer Ventilation 


Where moisture-laden air and dust are 
vented from a process such as a sand mixer 
in a foundry to a central or individual dust 
control, plugging of ducts often occurs. This 
generally occurs at hood or enclosure duct 
connections and elbows in the branch line. 
Continual cleaning of such ducts can be 
reduced or eliminated by bleeding in room 
air at a point above the hood (Fig. 3). If a 
7-in. pipe is required for efficient ventilation, 
a flanged duct 9 in. in diameter should be 
used for the bleed-in method. The 7-in. 
duct should extend into the larger pipe a 
minimum of 6 in. This concentrates the 
moist air from the hood through a column 
of relatively dry air. Since no contact is 
made with the pipe, plugging is eliminated. 
Eventually mixing occurs, and in some in- 
stances the bleed-in method must be re- 
peated. It is advisable to use the slotted 
elbows in conjunction with this system 
wherever turns must be made in the duct 
line. In most instances one elbow is all 
that is required before entering the header 
pipe. Approximate air volume requirements 
are 25% of original volume calculated. To 
facilitate cleaning of the short riser, it is 
suggested that construction should provide 
means for easy fast removal. Use large 
round tapered 45 degree transitions wher- 
ever possible. 


Aerator Ventilation 


Where moisture content and dust loads 
are not too severe, a system where smaller 
quantities of bleed-in air are required can be 
installed. By placing '%-in. slots around 
the circumference of the branch pipe using 
three 90 degree open areas, the bleed-in 
air through the pipe will help eliminate 
plugging of the duct (Fig. 4). The re 
maining three 30 degree uncut areas are 
retained to steady the pipe. A second row 
of slots spaced 2 or 3 ft. beyond the initial 
set is helpful for severer cases. The slotted 
opening should then be rotated 30 degrees 
for best results. Ten per cent of dust 
volume for each row of slots is the usual 
requirement. 

This discussion deals primarily with 
foundry applications, where each of the 
three methods shown has been successfully 
used. 

Other industries having similar problems 
could cut their maintenance labor and duct 
replacement costs by intelligent use of similar 
exhaust system modifications, 

Piping must be kept clean and free from 
all obstructions if the system is to contribute 
to the health and welfare of production 
workers, reduce fire hazards, and lower 
maintenance costs both to machinery and the 
collector proper. 

215 Central Ave. 


Engineering Factors in Fan Installations 


J. B. GRAHAM, Buffalo 


It is a pleasure to appear before the 
members of the Industrial Hygiene Founda- 
tion and to make these remarks concerning 
some of the engineering factors of fan in- 
stallations. We have looked forward to this 
meeting as an opportunity to create better 
understanding between industrial hygiene 
engineers and mechanical engineers involved 
in the design of industrial ventilation sys- 
tems. In a general sense, both these types of 
engineers have clearly defined areas of re- 
sponsibility, but in actual practice and in the 
detailed operation of designing or operat- 
ing a particular system there often appears 
a gray area where each engineer feels that, 
since it is not completely his field, he can 
relax his attention to details of the job. If 
a little more cooperation and mutual under- 
standing can be developed, a better over-all 
industrial ventilation job will most certainly 
result. We believe it is extremely important 
that industrial hygiene engineers work 
closely with mechanical engineers on in- 
dustrial ventilation problems. 

Atomic energy work, new chemical and 
metallurgical processes, and expanded in- 
dustrial plants, combined with an awakening 
public interest in air-pollution problems 
make it imperative that adequate ventilation 
systems be installed. However, manage- 
ment must be assured that the system has 
been designed to do the assigned job in an 
economical manner. We are all aware of the 
great many “rules of thumb” that have been 
used in the past to cover certain phases of 
the design. Today most of the engineering 
information necessary to design an econom- 
ical and efficient system is available to the 
designer. 

This talk will cover some of the areas 
of incomplete understanding that have come 
to our attention. It is only natural that the 


points mentioned here will reflect the me- 
chanical engineer’s viewpoint, since our ex- 
perience is in this field. I will emphasize 
that part of the industrial ventilation system 
that concerns the fan. 


Types of Fans 


As necessary background information on 
this subject I will review very briefly the 
types of fans that will be covered in this 
discussion. Fans are divided into two gen- 
eral classifications—centrifugal and axial. 
These classifications are further divided as 
followes : 

Centrifugal 

(a) Radial 

(b) Backward-curved blades 

(c) Forward-curved blades 
Axial 

(a) Vane-axial 

(b) Tube-axial 

(c) Propeller fans 

Your experience in industrial ventilation 
has served to familiarize you with these 
fans, but I would judge that your experience 
has been with the backward 
curved and forward-curved centrifugal fans. 


primarily 


These types are in common use on systems 
required to operate against static pressure 
and to overcome resistance of ducts, hoods, 
control dampers, etc. The radial blade fan 
is used in those systems where a high partic- 
ulate load is encountered, or where actual 
material conveying through the fan is being 
done. Of the axial flow types, the propeller 
fan is by far the most familiar and it finds 
its use where large quantities of air are to 
be moved against low static pressures. Also 
of interest is the use of propeller fans as 
spot heating or cooling devices for men 
working in unusual environments. Vane- 
axial and tube-axial fans have not been used 
to any great extent in industrial ventilation, 
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but because of recent improvements in the 
design, more fans of this type are being 
used. 


Ventilation System Measurements 


One of the most important advances yet 
to be made in the design of industrial 
ventilation systems will be the provision 
for adequate measuring facilities of the char- 
acteristics of the system. Great progress 
has been made in the establishment of 
maximum allowable concentrations, stack 
tolerances, isokinetic sampling techniques, 
etc., and most of these are based on an 
accurate knowledge of the amount of air 
being handled by the system or some par- 
ticular part of the system. Serious errors 
will arise if the quantities of air being 
handled are not accurately known. The 
responsibility for bringing out the im- 
portance of accurate operating information 
of systems lies primarily with the industrial 
hygiene engineer. It is up to him to estab- 
lish the need for adequate measuring stations 
in the system in order to establish its initial 
operating point and also to keep a close 
watch on its subsequent operation. Strong 
arguments are needed to justify these facil- 
ities, since at first thought they will be con- 
sidered an unnecessary luxury. However, 
on systems handling highly toxic material 
adequate measuring stations can be econom- 
ically justified, since only the required 
amount of air will be used in the system. 


On some present systems excess air quan- 
tities are used just to be sure that the air 
flow is adequate. 


In some atomic energy installations where 
air flow is critical the measurement of air 
has been carried out to such an extent 
that even branch ducts may be quickly and 
easily checked for airflow. 

At installations where large quantities of 
air are required for process work and _ re- 
circulation is not permitted, it is common 
to conserve heated or cooled air quantities 
by admitting air first to noncontaminated 
areas and then passing it through stages to 
the more contaminated areas. In this way 
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the air is, in a sense, used two or three 
times in one pass through the plant. In 
order to assure the operating department 
that the air is moving in the right direction 
and that no back-ups have occurred, it is 
imperative not only that the flow of air be 
measured, but that the differential static 
pressure from area to area be accurately 
indicated. Location and installation of these 
static pressure-measuring devices must be 
made very carefully since the differential 
pressures are quite small and accuracy is 
important. Pressures in the order of 0.01 
in. of water are not uncommon. 


Measuring Stations 


Measurement stations can be of 
different types. 


many 
Orifice plates or Venturi 
sections are adaptable to use and can serve 
as continuous checks on the operation of 
the system. However, Pitot tube stations 
have some advantage, in that they do not 
create an extra pressure drop in the system 
and calibration is fairly simple. 

Measurement of total air flow must be 
taken near the fan, and this, of course, 
presents many problems since this part of 
the system is usually equipped with transi- 
tion pieces, elbows, auxiliary equipment, etc. 
Measurement should not be attempted right 
at the fan discharge because of the non- 
uniform flow pattern at this point. 

For all measuring stations a reasonably 
straight run of duct should be provided. 
In those cases where an exhaust stack is 
required, the stack itself may be a very 
adequate straight-run section for Pitot tube 
installations. 


Pressure Relationships in Ducts 


In the measurement of air pressure and 
capacity in a fan system there is a charac- 
teristic that apparently causes some diffi- 
culty. This characteristic is the relationship 
between total pressure, static pressure, and 
velocity pressure in a ventilation system. It 
has been our experience that some confusion 
exists in making these measurements on 
exhaust ducts. The measurement of air 
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Fig. 1—Diagram showing measurement of air pressure and capacity. 


pressure and capacity is diagrammed in 
Figure 1, where Part A shows measurements 
on the discharge of the fan. This is a 
straightforward measurement, since in most 
cases the discharge line will have a static 
pressure that is positive with respect to the 
atmospheric pressure. The total pressure 
is the sum of the velocity pressure and the 


static pressure. This same situation prevails 
on the suction side of the fan, i.e., total 
pressure equals velocity pressure plus static 
pressure, but the draft gauges do not seem 
to indicate this. You will notice that the 
static pressure appears to be greater than 
the total pressure, judging from the dif- 
ferential levels on the manometer. This 


TOTAL PRESSURE 


ATMOSPHERIC 


ZERO PRESSURE LINE 


PRESSURE VARIATION 
THROUGH VENTURI METER 


Fig. 2.—Pressure variation through Venturi meter. 
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apparent contradiction occurs because the 
pressure term in the statement, “Total pres- 
sure equals velocity pressure plus static 
pressure,” refers to absolute pressure, and 
the draft gauges do not read absolute pres- 
sure but are referred to the atmospheric 
pressure in that area. It may help to demon- 
strate this measurement by following the 
air flow through a Venturi meter where both 
of the above conditions exist. As shown in 
Figure 2, Venturi pressure relationships are 
diagrammed as a function of their location 
in the duct system. At location “V,” the 
clear-cut case of total pressure equals velocity 
pressure plus static pressure exists. How- 
ever, as the air accelerates, the velocity pres- 
sure becomes greater until at the Venturi 
throat the velocity pressure is Pvs. This gain 
in velocity pressure is at the expense of 
static pressure and the original static pres- 
sure Ps: has now been reduced to Ps. 
However, we do not measure Ps: with the 
usual pressure-measuring equipment, but 
measure the differential pressure between 
the system and the atmosphere. Since, as 
shown on the diagram, the static pressure 
has been reduced below atmosphere, we 
measure the negative pressure Psg2, Since 
pressure in ventilation work is usually given 
in terms that use atmospheric pressure as a 
reference pressure, it may be seen from 
this diagram that total pressure is equal to 
velocity pressure plus a negative static pres- 
sure. When the gauge indicates the static 
pressure in a duct to be below atmospheric 
pressure as shown in this diagram, the 
problem may be worked by changing the 
sign of the static pressure to negative, and 
the expression becomes 
TP=VP+(—SP) 
=VP—SP 
TP=total pressure referred to atmospheric pres- 
sure 
VP=velocity pressure 
SP=static pressure referred to atmospheric pres- 
sure 


Although the zero pressure line is seldom 
used, it helps in the case of negative static 
pressure to visualize this zero reference line 
in order to keep these various values prop- 
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erly arranged with respect to one another. 
In this example friction and shock losses 
have been neglected. 

Although the above pressure relationships 
have been explained, using a Venturi sec- 
tion as an example, it should be understood 
that these relations can be produced in 
other parts of a ventilation system. The 
negative pressure on the suction side of the 
fan is an example, and similar situations 
can be created in restricted sections of the 
ductwork, and some of these effects will be 
found around elbows and tees. Therefore, 
it is recommended that all sampling be done 
in a straight, uniform section of the duct- 
work if at all possible. 


System Characteristics 


Although reasonable adjustments of ven- 
tilation systems can be made, it is often 
obvious that the nature of the fan and 
ventilation system is overlooked. Reference 
to Figure 3 will demonstrate some of these 
characteristics. Curve D shows the fan 
characteristic curve, while curve A shows 
the duct characteristic curve. The system 
will operate at the intersection of these two 
curves. This point has been designated as 
point Rk. Assume that some excess capacity 
has been provided and the system is operat- 
ing at point B, the difference being due to 
damper adjustment. If additional air is 
required, the damper may be opened and 
the system will approach curve A. This is 
very often the case in the design of in- 
dustrial ventilation systems, where changes 
are expected. However, when the system 
reaches point R, no more air can be ob- 
tained without changes being made in the 
duct system or the fan. Furthermore, it 
can be seen from the sharply rising duct 
resistance curve that additional air capacity 
may be gained only with a relatively large 
increase in pressure. The feature of falling 
fan curves and rising system characteristic 
curves is emphasized because there is a 
prevalent attitude that additions can be made 
to existing systems almost indefinitely. That 
this is not the case is illustrated in Figure 3. 
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Fig. 3.—Duct and fan characteristics. 


Fan Noise 


Any discussion of fan installations would 
certainly be incomplete without some com- 
ment on fan noise. The evaluation of fan 
noise is unsatisfactory at the present time 
since the only existing sound code has been 
recognized as unsatisfactory and a new code 
has not yet been established. However, con- 
siderable progress on the new code has 
been made, and it will be based on sound 
power level rather than the sound pressure 
level of the previous code and will include 
octave band analysis information. With this 
information it will be possible to predict the 
noise level in occupied areas with a fair 
degree of accuracy. Noise levels of high- 
speed fans now being used in industrial 
process work and power plants will be of 
interest to industrial hygiene engineers since 
in some cases the sound power level will be 
above the power level of the damage risk 
criteria curves as now proposed. It is 
possible to reduce these high levels to ac- 
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ceptable power levels in the surrounding area 
by proper sound treatment. Where possible, 
this reduction should be taken care of dur- 
ing construction rather than waiting until 
the job is finished and the complaints start. 
The remedy in the latter case is invariably 
expensive and, unfortunately, in many cases 
unsatisfactory. 

As an indication of the magnitude of 
some of the problems io be encountered in 


Fig. 4—-induced draft fan. 
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the field of fan noise, Figure 4 shows a 
power plant fan which will be equipped with 
sound treatment on the intake side and 
special construction of the scroll in order to 
reduce the sound in the surrounding areas 
to an acceptable level. 


In this field of sound control the im- 
portance of complete cooperation between 
the industrial hygiene engineer and_ the 
mechanical engineer can hardly be overem- 
phasized. 


We hope that the foregoing remarks have 
served to bring out some of the matters that 
are of mutual interest to industrial hygiene 
engineers and mechanical engineers working 
on industrial ventilation systems. It would 
appear that the necessary information and 
technical data are available to both types of 
engineers at the present time and it simply 
remains for them to achieve good ventila- 
tion system design by complete cooperation. 

Box 985. 


Control of Oxides of Nitrogen in Automobile 


Exhaust Gases 
The Technical and Economic 


RALPH W. BISHOP and GEORGE J. NEBEL, Detroit 


Oxides 
come 


of nitrogen in the atmosphere 
from many sources, most of which 
involve the burning of solid, liquid, or 
gaseous fuels. Automobiles are reported to 
of the important sources." 
this air-pollution authorities 
have urged that some sort of control method 
or device be developed which will materially 
reduce the oxides of nitrogen found in auto- 
mobile exhaust gases. 

significant 
nitrogen can be 


be one 


more 
reason, 


reduction of oxides of 


achieved by modifying 
carburetion. In carbureting a modern auto- 
mobile, current practice is to vary the pro- 
portions of air and fuel supplied to the 
engine, depending upon how the automobile 
is driven. The principles underlying this 
practice are illustrated in Figure 1, where 
engine power and fuel economy are shown as 
a function of air-fuel ratio. 


PERCENT MAXIMUM POWER 


PERCENT MAXIMUM ECONOMY 


8 
AIR-FUEL RATIO 
Fig. 1.—Variation of engine power and economy 
with air-fuel ratio. 


Aspects of One 


Approach 


Note in Figure 1 that the air-fuel ratios 
for maximum power and_ for 
economy do not coincide. 


maximum 
Note further that 
the chemically correct or stoichiometric air- 
fuel ratio (about 15.0 to 1) is between these 
two ranges. Relatively rich mixtures, in the 
range of 12:1 air-fuel ratio, are needed to 
develop maximum power, whereas relatively 
lean mixtures, in the range of 16:1 air-fuel 
ratio, produce best fuel economy. 

The carburetor engineer makes use of 
these relationships. Under some conditions 
of driving, when accelerating, for example, 
carburetion is designed to supply rich max- 
imum power mixtures. On the other hand, 
during steady speed driving, the maximum 
economy range is utilized. 

The control method to be proposed in this 
paper is to provide rich air-fuel mixtures, 
in the maximum power range, at all driving 
conditions. The effectiveness and cost of 
this simple control method have been de- 
termined. This information, together with 
experimental work leading to the develop- 
ment of the method, are reported herein. 


Effect of Operating Variables on Oxides 
of Nitrogen in a Single-Cylinder Engine 

In order to develop a control method, it 
Was necessary to determine how the concen- 
tration of oxides of nitrogen in engine ex- 
haust gases varied with operating conditions. 
Accordingly, a series of tests were made 
using a single-cylinder laboratory test en- 
gine where operating variables could be 
easily and carefully controlled. The five 
variables investigated were air-fuel ratio, 
spark timing, manifold air pressure, com- 
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Fig. 2.—Effect of air-fuel ratio on oxides of 
nitrogen. Single-cylinder engine tests. 


pression ratio, and engine speed. Since the 
results have been reported previously,” they 
will be reviewed here only briefly. 

In the single-cylinder engine tests, and 
also in the automobile tests to be discussed 
later, concentrations of oxides of nitrogen 
were determined by the conventional phenol 
disulfonic acid (PDS) procedure.* In this 
procedure, all oxides of nitrogen except 
nitrous oxide are measured as equivalent 
nitrate, but the individual oxides are not 
identified. Accordingly, concentrations are 
reported as parts per million by volume of 
total oxides of nitrogen and the symbol 
NOx used on the graphs. 

Air-Fuel Ratio.—The ettect of air-fuel 
the 
nitrogen is illustrated in Figure 2. 


oxides ot 
This 


characteristic relationship was observed at 


ratio on concentration of 


all operating conditions. The maximum con- 
centration was always formed when the air- 
fuel ratio was one to three ratios leaner 
than the chemically correct or stoichiometric 
mixture, indicated by the “S” at the base 
of the graph. The minimum concentration 
was always formed at the rich limit. 
Superimposed on Figure 2 are the two 
bands shown in Figure 1, the first indicating 
the air-fuel ratio range for maximum power 
and the other the air-fuel ratio range for 
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maximum economy. Note that the highest 
concentrations of oxides of nitrogen occur 
within the maximum economy range. On the 
other hand, the lowest concentrations occur 
near the maximum power range. 

Spark Timing.—The concentration of ox- 
ides of nitrogen increased as spark timing 
was advanced, but the effect was significant 
only when the air-fuel ratio was greater 
than stoichiometric. Typical experimental 
results are shown in Figure 3. It is interest- 
ing to note that the concentration continued 
to increase as the spark was advanced be- 
yond the maximum power setting, about 
27 degrees BTC for the operating conditions 
listed in Figure 3. 

Manifold Air Pressure.—Increasing mani- 
fold air pressure, or engine load, increased 
the concentration of oxides of nitrogen. As 
with spark timing, the effect of manifold 
air pressure was greatest when the air-fuel 
ratio Was greater than stoichiometric. Ex- 
perimental results are shown in Figure 4. 

Compression Ratio.—Increasing compres- 
sion ratio increased the concentration of 
oxides of nitrogen, but again the effect was 
significant only with lean mixtures. Figure 


> illustrates the effect of compression ratio. 

Engine Speed.—The eftect of engine speed 
is shown in Figure 6. With rich mixtures, 
increasing speed favored the formation of 
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Fig. 3.—Effect of spark timing on oxides of 
nitrogen. Single-cylinder tests. 
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oxides of nitrogen. With lean mixtures, the 
opposite effect was found. The maximum 
concentration observed at each speed de- 
creased with engine speed. 

Air-fuel ratio was by far the most im- 
portant of the five variables investigated. 
Differences in concentration of oxides of 
nitrogen as great as 100-fold were caused by 
air-fuel ratio changes. 


Effect of Operating Variables in a 
Multicylinder Automotive Engine 


The single-cylinder engine test results 
suggested that the concentration of oxides of 
nitrogen in automobile exhaust gases could 
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Fig. 4.—Effect of manifold air pressure on 
oxides of nitrogen. Single-cylinder engine tests. 


be materially reduced by controlling air-fuel 
ratio and, perhaps, spark timing. The fol- 
lowing tests were made to confirm these con- 
clusions in a full-scale automobile engine 
and, at the same time, to find out how 
operating variables affect fuel economy. 


A late model automobile was equipped 
with a special carburetor, hydraulic spark- 
timing control, and fuel-metering apparatus. 
The characteristics of the carburetor were 
such that the air-fuel ratio could be varied 
from 10:1 to 25:1. Fuel economy and the 
concentration of oxides of nitrogen were 
measured simultaneously at road load or 
constant speed conditions. Three speeds and 
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16 


Fig. 5.—Effect of compression ratio on oxides 
of mitrogen. Single-cylinder engine tests. 


three spark settings—nine combinations in 
all—were investigated. The speeds were 30, 
45, and 60 mph. The spark settings were 
the manufacturer's recommended setting 
(different at each speed) and 10 and 20 
crank-angle degrees retarded from that 
value. At each combination of speed and 
spark setting, enough tests were made to 
cover the air-fuel range from about 11:1 to 
20:1. 

The results of the investigation are shown 
in Figures 7, 8, and 9. At the top of each 
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_ Fig. 6—Effect of engine speed on oxides of 
nitrogen. Single-cylinder engine tests. 
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graph, fuel economy is plotted against -air- 
fuel ratio with spark timing as a parameter. 
Corresponding concentrations of oxides of 
nitrogen are shown at the bottom of the 
graph. The effects of air-fuel ratio and 
spark timing on oxides of nitrogen de- 
termined in this study are similar to the 
trends observed in the single-cylinder test 
engine. The fact that higher concentrations 
of oxides of nitrogen were generally found 
at higher car speeds is believed due to dif- 
ferences in spark timing and is not an 
effect of engine speed per se. 
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Fig. 7.—Effect of air-fuel ratio and spark timing 
on fuel economy and oxides of nitrogen. Auto- 
mobile tests at 30 mph. 


Potential Control Methods—Fuel Econ- 
omy and Other Considerations.—It is ap- 
parent from these data that there are five 
different ways to reduce oxides of nitrogen 
at part-load conditions by altering carbure- 
tion and spark timing. The five methods 
are as follows: 

1. Lean the mixture to an air-fuel ratio of 18:1 

or greater. 


Richen the mixture to an air-fuel ratio of 
12:1 or less. 


Retard the spark. 
Combine mixture leaning with spark retard. 
Combine mixture richening with spark retard. 
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Fig. 8.—Effect of air-fuel ratio and spark timing 
on fuel economy and oxides of nitrogen. Auto- 
mobile tests at 45 mph. 


Which of these is best from a fuel economy 
standpoint? The answer is not readily ap- 
parent from Figures 7, 8, and 9. To show 
more clearly how the control methods rank 
with respect to fuel economy, Figures 10, 


11, and 12 were constructed. In these 
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Fig. 9.—Effect of air-fuel ratio and spark timing 
on fuel economy and oxides of nitrogen. Auto- 
mobile tests at 60 mph. 
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qT 
LEANING + SPARK RETARD 


RICHENING + SPARK RETARD 
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NO 


5 0 Ss 2 


Fig. 10.—Comparison of control methods at 30 
mph. 


graphs, the reduction in nitrogen oxide con- 
centration is plotted against fuel economy 
loss, both expressed as per cent. To do this, 
it Was necessary to assume some sort of 
standard condition and calculate all per- 
centage that point. The 
standard condition was taken as 15:1 air- 
fuel ratio and manufacturer's spark setting, 
values which are typical for constant speed 
driving. 

Five different curves are shown, one for 
control method. The 
methods were calculated on the basis of a 
10-degree spark retard. 

It is clearly evident that mixture leaning 
is the most economical way to reduce oxides 
of nitrogen. Substantial reductions, of the 
order of 75%, are achieved with no sig- 
nificant change in fuel economy. However, 
part-throttle driveability, that is, the ability 
of the car to maintain smooth operation free 


changes from 


each combination 


T 
| LEANING + SPARK RETARD RICHENING + SPARK RETARD 


| 
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NO 
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Fig. 11—Comparison of control methods at 


45 mph. 
Bishop—Nebel 


from surging or bucking, is seriously im- 
paired when the air-fuel ratio is as lean as 
18:1. For this reason, the method has little 
practical value. 

The second most economical method is to 
combine mixture leaning with spark retard. 
Here again, however, part-throttle driveabil- 
ity is not entirely satisfactory, even though 
the air-fuel ratio is somewhat richer than 
when the spark is not retarded. This ap- 
proach also was abandoned. 

None of the three remaining methods is 
consistently superior to the others with re- 
gard to fuel economy. All three methods 
result in losses substantially 
greater than those employing mixture lean- 
ing. 


economy 


RICHENING + SPARK RETARD 


LEANING + 
— SPARK RETARD 


REDUCTION % 


NO 


10 
ECONOMY LOSS - % 
Fig. 
60 mph. 


12.—Comparison of control methods at 


Retarding the spark alone was eliminated 
from further consideration because the ef- 
fectiveness is limited to only 50% to 60%. 
Any attempt to attain greater reductions by 
retarding the spark more than the amount 
of the vacuum advance, 20 degrees in this 
instance, seriously impairs car performance. 

The only workable methods, then, are 
those employing mixture richening. Drive- 
ability is very good with rich mixtures, and 
it is possible to attain substantial reduc- 
tions—75% or more—by this approach. But 
economy losses are also substantial, ap- 
proximately 15% when 75% of the oxides 
of nitrogen are eliminated. There is no clear- 
cut choice between mixture richening and 
mixture richening combined with spark re- 


515 


“00 
; 
/ 
| 
aN 
SPARK RETARD 
LLY 
4 
80 
+f 
20 
LY 
LEANING 
| RETARD — 
/ / 
|__| 


tard. At 30 mph straight mixture richening 
is the more economical method, whereas at 
the higher speeds it seems advantageous to 
use both mixture richening and spark retard. 

After studying the results of these tests, 
the mixture richening approach was selected 
for further study. A special carburetor, one 
that would supply rich mixtures at all speeds 
and throttle settings, was installed on a late- 
model automobile. This special carburetor 
will be referred to as a “maximum perform- 
ance carburetor.” The effects of this car- 
buretor on oxides of nitrogen and fuel 
economy were then evaluated in normal 
automotive service, as discussed in the fol- 
lowing section. 


“Maximum Performance 
Carburetor” in Automotive Service 


Evaluation of 


The rich mixture control method was 
evaluated by comparing two cars with 
respect to their emission of oxides of nitro- 
gen and fuel economy. The first car was 
equipped with the maximum performance 
carburetor. The second car, an identical 
model, had standard carburetion. Spark tim- 
ing for both cars was checked and found 
to be essentially the same at all operating 
conditions. There was no noticeable differ- 
ence in driveability between the two cars. 
Both were equally satisfactory. Other auto- 
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TaBLe 1.—Calculated Emission of Oxides of Nitrogen with Standard and Maximum 
Performance Carburetion 


motive problems which may be affected by 
rich carburetion, such as intake system de- 
posits and valve and spark plug life, were 
not investigated. 

Effect on Oxides of Nitrogen—To de- 
termine how effectively the rich mixture con- 
trol method reduced oxides of nitrogen, an 
“average driving pattern” type of analysis 
was made. To explain this procedure briefly, 
average driving is defined in terms of the 
time spent at various operating conditions. 
The rate of emission of oxides of nitrogen 
(or other exhaust gas constitutent of 
interest) is determined at each of the driv- 
ing conditions. The composite or over-all 
emission rate is calculated by combining the 
individual rates in proportion to the per cent 
of time spent at each condition. A more 
accurate estimate undoubtedly could have 
been made if the emission rate had been 
measured continuously, but instrumentation 
to accomplish this was not available. 

The complete analysis is presented in 
Table 1. Driving conditions were those de- 
termined by the Traffic Survey Panel of 
the Automobile Manufacturers’ Association 
(AMA) to be typical of city-suburban driv- 
ing in the Los Angeles area.* Air-fuel ratios 
were determined from Orsat analyses. Con- 
centrations of oxides of nitrogen were de- 


termined by the PDS procedure. Engine 


NOx Concentration 
Ppm 


Air-Fuel Ratio 


Driving Condition 


40 mph 13.7 11.0 1820 160 
60 mp 2780 220 
Acceleration 
0-60 mph in 20 sec. 11.6 10.8 420 
0-25 mph in 11 sec. 13.4 11.0 1910 167 
15-30 mph in 12 sec. 13.9 11.2 169 
Deceleration 
50-20 mph in 25 sec. 15 21 
30-15 mph in 11 sec. 17 38 
30- 0 mph in 12 sec. 28 36 


NOx Emission 
Per Hour for 


NOx Emission Driving Condition 
SCFH SCFH 


Condition 


9 15.0 
16 
27 17 5. 
38 4.14 0.37 2. 
50 8.34 0.66 0. 

131 3.31 2.24 ll 0.036 0.025 
69 7.92 0.69 10.6 0.840 0.080 
59 7.88 0.59 25.0 1.970 0.148 

9 0.01 0.01 10.2 0.001 0.001 

9 0.01 0.02 11.8 0.001 0.001 

9 0.02 0.02 10.3 0.002 0.002 

Composite NOx Emission in SCFH 3.146 0.292 


Note: 


1. Acceleration and Deceleration Values are Integrated Averages. 


2. Engine Air Flow Rates for Both Cars Were Averaged. The car-to-car variation was no greater than the repeatability 


of the measurements. 
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Max. Max. Air Flow Max. Driving Max. 
Pot Std. Per. Std. Per. SCFM Std. Per. Pl Std. Per. 
Idle lll 11.5 26 30 
Cruise 
20 mph 13.4 12.0 430 120 
| 13.5 10.9 1050 106 
|| 


air flow was measured with a viscous-flow- 
type air meter and recorded on oscillograph 
film. Emissions of oxides of nitrogen were 
calculated from concentration and air flow 
data, with the assumption that exhaust flow 
and air flow are equal on a dry molar basis. 
The per cent of time that the average driver 
spends at each driving condition, according 
to the AMA survey, is shown in the third 
from last column. The amount of oxides 
of nitrogen (in standard cubic feet at 1 
atmosphere and 70 F) discharged from 
each car at each driving condition, when 
the car is driven one hour according to the 
AMA driving schedule, is shown in the last 
two columns. The sum of these values is the 
composite hourly emission. 

Table 1 indicates that use of the maximum 
performance carburetor reduced the com- 
posite or over-all emission of oxides of 
nitrogen over 90%. This is a very large 
reduction. The maximum performance car- 
buretor markedly reduced the concentration 
of oxides of nitrogen during all cruise con- 
ditions and, more importantly, during all 
part-throttle accelerations. It is during these 
conditions that the greatest emissions of 
oxides of nitrogen normally occur. Con- 
centration differences between the two cars 
seem directly related to air-fuel ratio dif- 
ferences, as predicted by the earlier work. 

Effect on Fuel Economy.—To determine 
over-all fuel economy, the two cars were 
driven side by side over a specified route 
which simulated city-suburban type driving. 
Drivers were rotated regularly. Fuel con- 
sumption was recorded for 2500 miles. The 
average fuel economy for each car during 
this period was as follows: 

Car A with maximum performance 

carburetor 

Car B with standard carburetor 


11.8 mpg 
15.9 mpg 
The loss in economy attributed to the modi- 
fied carburetor was 4.1 mpg, or about 26°. 
The type of driving at which the fuel 
economy measurements were made did not 
correspond exactly to the AMA driving 
schedule. For that reason, the calculated 
90% reduction of oxides of nitrogen is not 
directly comparable to the measured 26% 
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loss in economy. However, since both driv- 
ing schedules are representative of city-sub- 
urban type driving, a comparison is believed 
justified. 


Comment 


It is obvious then that the 90% reduction 
in the emission of oxides of nitrogen was 
not obtained without cost. The 26% loss in 
economy is considerable, both in terms of 
dollars and in terms of natural resources. 
It seems likely, however, that the economy 
loss can be appreciably reduced if a smaller 
reduction in oxides of nitrogen is acceptable. 
An estimate is 15% economy loss at the 
75% reduction level. The maximum per- 
formance carburetor described here was set 
to an air-fuel ratio of about 11:1. A con- 
stant air-fuel ratio of 12 or 12% to 1 might 
be the best compromise between economy 
and effectiveness. 

Essentially the only cost of this control 
method is the extra fuel that is consumed. 
To the motorist who drives his car 12,000 
miles each year, the annual cost would be 
about $70 if oxides of nitrogen were to be 
reduced by 90%. For a reduction of 75%, 
the annual cost is estimated at $40. These 
costs should be compared against those of 
other control methods when such informa- 
tion becomes available. 

In these experiments, no special attempt 
was made to determine the emissions of car- 
bon monoxide and hydrocarbons, but some 
pertinent data were obtained. Almost with- 
out exception, higher carbon monoxide con- 
centrations were detected in the exhaust 
gases from the car equipped with the maxi- 
mum performance carburetor. This is not 
unexpected in view of the well-established 
relationship between air-fuel ratio and car- 
bon monoxide concentration. With hydro- 
carbons, the situation is not so clear-cut. As 
indicated by Table 2, neither car produced 
higher hydrocarbon concentrations than the 
other under all operating conditions. 

For years, a control method has been 
sought for reducing carbon monoxide and 
hydrocarbons in automobile exhaust gases. 
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Taste 2—Exhaust Gas Hydrocarbon Concentration 
with Standard and Maximum Performance 
Carburetion 


Hydrocarbons-Mole % * 


Driving Condition Max. Per. 
Idle 046 0.033 
Cruise 
20 mph 
30 mph 
40 mph 
50 mph 
Acceleration 
0-60 mph 
0-25 mph 
15-30 mph 
Deceleration 
50-20 mph 0.21 
30-15 mph J 0.07 
30-0 mph 4 0.06 


0.041 
0.042 
0.040 
0.036 
0.029 
0.039 
0.035 


* As n-hexane. Analyses made with Liston Becker Model 15 
Infrared Analyzer. 


Such a method will be equally desirable 
when using the maximum performance car- 
buretor for controlling oxides of nitrogen. 
One of the most promising approaches to 
hydrocarbon control appears to be catalytic 
oxidation.” The principle of catalytic oxi- 
dation combined with maximum performance 
carburetion would provide a method of 
eliminating from automobile exhaust gases 
the most objectionable constituents, namely, 
carbon monoxide, hydrocarbons, and oxides 
of nitrogen. 


Summary 


The amount of oxides of nitrogen in au- 
tomobile exhaust gases be greatly 
reduced by the use of a “maximum per- 
formance carburetor.” Such a 
provides rich air-fuel mixtures at all driving 


can 
carburetor 
conditions. 


This marked reduction must be paid for 
by a sacrifice in fuel economy. Tests showed 
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that a 90% 
nitrogen would cost the individual car owner 
about S70 a year. 


cent reduction in oxides of 
However, if a smaller 
reduction is acceptable, the cost will be some- 
what less. For example, a 75% reduction is 
estimated to cost the car owner only $40 
per year. These figures serve as a con- 
venient yardstick against which to compare 
any other method of reduction. 

The principle of catalytic oxidation com- 
bined with maximum performance carbure- 


tion would provide a method of eliminating 


from automobile exhaust gases the most ob- 


jectionable constituents, namely, carbon 
monoxide, hydrocarbons, and oxides of ni- 


trogen. 


Box 188, North End Station (2). 
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Reduction of Noise from Paper Machine Suction 


Rolls and Rewinders 


C. B. DAHL, Beloit, Wis. 


Paper machines, a product of the Beloit 
Iron Works, are used in paper mills to 
transform cellulose pulp into a sheet of 
paper. The pulp is usually processed chem- 
ically and is made from wood, straw, rags, 
waste paper, etc. A typical high-speed paper 
machine is illustrated in Figure 1. The pulp 
suspended in a high percentage of water 
flows from the headbox onto the Fourdrin- 
ier wire, which is an endless belt of fine- 
mesh screen. The sheet forms and partially 
drains as it moves along on the Fourdrinier 
wire. The very wet sheet is picked from the 
wire and carried through the press section 
on felts for further water removal. The 
remaining water is removed from the sheet 
as it passes over the heated dryer drums. 
The sheet then passes through the calender 
and is wound into a cylindrical roll of paper 
on the reel. 

The suction rolls mechanically extract 
water from the newly formed, very wet sheet 
of paper prior to its passage over the heated 
dryer drums. Figure 2 is a picture of a 
typical suction roll with the vacuum box 
partially removed from the roll. The vacuum 
box does not rotate with the shell of the 
roll and is sealed to the inner surface so 
as to apply vacuum to that portion of the 
roll in which vacuum extraction is desired. 


Suction Roll Noise Reduction Program 


The rewinder will be discussed later. 

Higher-speed suction rolls have always 
made noise; and with the increased speeds 
of recent years, noise levels went well into 
the serious hearing damage risk areas. A 
comprehensive suction roll noise reduction 
program was initiated at the Beloit Iron 
Works to eliminate a very serious condition 
existing in many paper mills. 

To investigate the physical characteristics 
of the noise, a special suction roll with only 
a single row of holes around its circumfer- 
ence was constructed and run under simu- 
lated actual operating conditions. The 
horizontal sweep of a cathode ray oscillo- 
scope was synchronized to groups of three 
suction holes, and a velocity type microphone 
was connected through an integrating circuit 
to the vertical circuit of the scope. 

The wave form of noise emanation from 
a single hole (picked from one of the three 
forms) could then be studied on the oscil- 
loscope screen. By connecting a_ rubber 
tube to the microphone, the other end of the 
tube could be used as a stethoscope to probe 
all parts of the special suction roll. It was 
easily established by this experiment that 
the noise is created when the air-evacuated 


Fig. 1—Diagram of a typical high-speed paper machine. 
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Fig. 2.—A typical suction roll with the vacuum 
box partially removed from the roll. 


holes leave the vacuum area and pop back 
to atmospheric pressure. The microphone 
was then placed as close to the source as 
possible, and oscillograms were made at dif- 
ferent speeds by taking pictures of the 
oscilloscope screen. 
One of the oscillograms, a photo of the 
oscilloscope screen, is shown in Figure 3. 
The scope was kept in sharp focus; and if 
one looks closely at the one-hole pulse, he 
can see that it is composed of many pulses 
superimposed one upon another. The depth 
of the hole is easily found to be one-quarter 
wave length of the frequency of the pulse. 


The pulse has considerable duration, de- 


caying to a negligible amplitude in about five 
or six cycles. 

The frequency of the pulse is governed 
by the depth of the hole. All holes in a 
suction roll shell are of the same depth: 
therefore, all holes emanate identical fre- 
quency and amplitude noise pulses. Patterns 
of holes in the suction roll, then, can be ar- 
ranged so that the pulses cancel each other. 


Reduction of Noise by Specially 
Designed Drill Patterns 


In the straight drilled pattern, Figure 4, 
it is easily established that the pulses add 
together in an off the face of the roll direc- 
tion as a whole row of holes pops into at- 
mosphere at the same time and creates a 
great deal of noise. The helically drilled 
pattern provides cancellation between holes. 
At low speeds, the cancelling holes are close 
to each other, i.e., 1 to 2, 3 to 4, etc. At 
higher speeds the cancelling holes are far- 
ther apart, such as 1 to 3, 2 to 4, ete. This 
provides good cancellation off the face of 
the roll, but at higher speeds there is enough 
phase lag between holes that the cancellation 
toward the ends of the roll is impaired. An 
objection to the helical pattern is that it 


provides best cancellation at low speeds 


HOLE— 


Fig. 3.—Oscillogram 
showing wave form of 
noise emanation from a 
single hole. 
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REDUCTION OF NOISE FROM PAPER MACHINES 


LONGITUDINAL 


Fig. 4.—Different pat- 
terns of holes drilled in 
suction rolls. 


CIRCUMFERENTIAL 
DIRECTION 


Fig. 5.—Arrangement of drill pattern increments 
on suction roll shell. 
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where it is not needed and worse cancellation 
at higher speeds where it is needed most. 
The special pattern of Figure 4 was de- 
signed to provide worse cancellation at lower 
speeds and save the better cancellation for 
the higher speeds. The patterns shown, in- 
cidentally, are each an increment of a com- 
pletely drilled shell and must be designed so 
that they fit to themselves with continuity. 
Arrangement of increments on a shell is 


STRAIGHT DRILLING 


/ 
/ 


HELICAL DRILLING 


pil” 


DRILLING 
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Fig. 6—Comparison of noise produced by laboratory suction rolls drilled with three 


different patterns. 
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20°HG Vacuum 


ATMOSPHERIC PRESSURE 


Fig. 7.—Solid shoe 


Three small suction 
rolls were manufactured and drilled with the 
above three patterns. They were run in 
the laboratory under simulated actual oper- 
ating conditions and are compared at dif- 
ferent speeds on Figure 6. As expected, the 
straight drilling produces the most noise, the 
helical drilling is better, and the special drill- 
ing is best. 

The noise pulses are formed when air 
rapidly reenters the air-evacuated holes. 
The special pattern reduces the amplitude of 
the pulses by providing cancellation between 


shown in Figure 5. 


|_ATMOSPHERIC PRESSURE 


holes. The spectrum of noise from a special 
drilled shell is also better because it is more 
spread out and does not possess a sharp, 
pure-note type peak such as is present in 
the spectra of the other two patterns. At 
speeds above 1000 ft. per minute, however, 
even the special pattern produces a spectrum 
which is borderline between 

negligible hearing damage risk. 


silencer installation. 


serious and 


Experimentation with Silencers 


Fortunately, suction rolls lend themselves 
well to a further noise reduction. Much ex- 


A> 


ATMOSPHERIC PRESSURE 


ATMOSPHERIC PRESSURE 


Fig. &8—Modified solid shoe silencer installation. 
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EFFECT OF SILENCING ON 


4/5” MERCURY VACUUM 


NOISE LEVEL —DB. 


TWO DIFFERENT ORILL PATTERNS 


)STRAIGHT DRILLING 


«SPECIAL DRILLING 


SILENCED 
STRAIGHT DRILLING 


SILENCED 
SPECIAL DRILLING 


T 
7809 =4909 200 


PRESS SPEED—FEET PER MINUTE 


Fig. 9.—Effect of silencing on straight drilled suction roll and special drilled suction roll. 


perimentation led to the development of a 
solid shoe silencer, which is an extra wide 
packing strip on the trailing side of the 
vacuum box, Figure 7. The shoe silencer 
forces the air-evacuated holes to fill from 
the outside of the shell, and the gap formed 
between the two rolls restricts the reentry 
of air to provide slow filling of the holes. 
The noise pulses are almost completely 
damped by restricted reentry of air. Some- 
times it is necessary to machine a small gap 
into the trailing edge of the silencer, and 
it is then called a modified solid shoe si- 
lencer, Figure 8. Some filling is done by 
flow of air through the felt and sheet, and 
the remaining slow filling is done by the 
little gap. 

The silencers are compatible with any drill 
pattern, and, if properly chosen, will always 
provide a substantial noise reduction. Fig- 
ure 9 shows the effect of silencing the 
straight drilled experimental suction roll and 
the special drilled roll. Silencers, combined 
with the new special drill patterns, provide 


Dahl 


the lowest noise levels at all operating 
speeds. 

All new machines presently produced by 
the Beloit Iron Works include special drill 
patterns combined with silencers on their 
suction rolls. On Figure 10 a comparison 
is made of noise spectra of two machines 
installed three years ago (silencers were 
later installed in these two machines) versus 
two machines installed this year. The level 
has been reduced from very serious hearing 
damage risk to negligible risk, as can be 
seen by comparing these spectra with a 
Tentative Damage-Risk Chart, Figure 11. 

A narrow band analyzer was used for all 
above spectrum readings. The narrow bands 
do not properly correlate with the octave 
band damage-risk chart, but the narrow 
band analyzer is such a valuable tool for this 
type of noise reduction work that it had to 
Two 


be used almost exclusively. octave 


band analyses were made recently of ma- 


chine “A” (with silencers), Figure 12, and 
machine “C” (fully treated), Figure 13. 
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FOUR LARGE MODERN HIGH SPEED NEWSPRINT MACHINES 
FROM “NO TREATMENT" TO “FULL TREATMENT" 
SPECTRUM PEAKS® 


00-125 
250)600 


MACHINE *A" 
NO NOISE 
INSTALLED ~1934 T 
SPEED-1700 FEET PER MINOTE bac. 
TOTAL NOISE LEVEL!16—120 DB. AY. 118 DB. 


| FREQ. 
| 
SILENCERS INSTALLED IN ALL SUCTION ROLLS| CPs. 
SPEED-2100 FEET PER MINUTE LEVEL 
| | 9 


TOTAL LEVEL— 08. | 08. 


| 


790}1230 1630 2460/2580 ' 3900 


ele) 


104/108 | 9s 


| 
103 | 940 


92 90 | 98 


MACHINE "8" 

NO NOISE TREATMENT 
INSTALLED—1954 

SPEED-1800 FEET PER MINUTE 

TOTAL DB. AV. 11S DB. 


MACHINE "B* 
SILENCERS INSTALLED IN TWO 
NOISIEST SUCTION ROLLS 


FREQ. | 


cps, | ©5° 830 


2280/2590 


LEVEL 


FREQ. 


LEVEL| 
oe. | 


SPEED—17S0 FEET PER MINUTE 
TOTAL LEVEL-99 0B. 


MACHINE 

FULL NOISE TREATMENT 

SPECIAL DRILL PATTERNS AND SILENCERS 
SPEED— 1660 FEET PER MINUTE 

TOTAL LEVEL—96 08. 


FREQ. 
CPs. | 


LEVEL, 
be. 86 


MACHINE "0" FREQ. 
40 |60 


FULL NOISE TREATMENT } 
SPECIAL DRILL PATTERNS AND SILENCERS 
SPEED~- 1915S FEET PER MINUTE 
TOTAL LEVEL — 103 


ALL READINGS MADE 
OF TRANSFER PRESS. 


PEAKS BELOW 90 DB. WERE USUALLY 
IGNORED ON MACHINES "A" AND “B"“ 


cPs. 


LEVEL 


| 
9685 
0B. 


6s 


12 FEET IN FRONT 


PEAKS BELOW 80 DB. WERE USUALLY 
IGNORED ON FULLY TREATED MACHINES 
AND 


Fig. 10—Comparison of noise spectra of machines with and without noise treatment. 


120 Both machines are now running faster, and 


the readings were taken from a slightly dif- 
ferent position, but a rough comparison can 
be made of octave band versus narrow band 
spectra. 


/ (////SERIOUS RISK“ 


WiDE-BAND'NOISE 


MOOS 


Modification of Rewinders to Reduce 
Noise 


NINEGLIGIBLE RISK. 
PURE|TONE 


1200 
2400 


DB. RE. 0.0002 MICROBAR 


The rewinders presented a problem simi- 
lar to that of the suction rolls. With in- 
creased speeds, noise levels had become 


SOUND PRESSURE LEVEL IN BAND 


30 
600 


600 
1200 


2400 
4800 


OCTAVE BAND-—ces. 


Fig. 11.—Tentative damage-risk chart (hearing 
loss serious enough to affect significantly the 
ability to understand speech). (From Handbook 
of Noise Measurement, General Radio Co., Cam- 
bridge, Mass.) 
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seriously high. The rewinder slits the wide 
roll of paper from the paper machine reel 
into desired widths and winds the paper into 
very tight rolls, such as one might see on 
the larger newspaper publishers’ printing 
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REDUCTION OF NOISE FROM PAPER MACHINES 


(HEARING LOSS SERIOUS ENOUGH TO AFFECT 
SIGNIFICANTLY THE ABILITY TO UNDERSTAND 


SPEECH, 


Fig. 12.—Octave band 


readings of machine “A, 
with silencers, plotted on 
tentative damage chart. 


ICROBAR 


10’ FROM COUCH 


WAT. RISK 


(From Handbook of 
Noise Measurement, 
General Radio Co., Cam- 


bridge, Mass.) 
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OCTAVE BAND— ces. 


presses. The rolls are wound by two large 
drums, Figure 14. The back drum keeps 
tension on the sheet, and the front drum 
has slightly higher speed to make the rolls 
tight and compact. 

A spectrum analysis was made of re- 
winder “X,” Figure 15. The peak at 175 
cps is the number of back drum gripper 
(chevron) grooves striking the roll of paper 
per second, ( Rewinder was not quite up to 
speed at the time this first peak in the 
spectrum was read.) The second peak at 
400 cps is the second harmonic of the back 
drum groove spacing and is the highest peak 
in the spectrum, indicating that the back 
drum grooves were the major source of 


(HEARING LOSS SERIOUS ENOUGH TO AFFECT 
SIGNIFICANTLY THE ABILITY TO UNDERSTAND 
SPEECH) 


noise. The front drum has smaller, closer- 
spaced grooves. There were exactly four 
times as many front drum grooves as back 
drum grooves. The peaks at 790, 1590, 
3150, 3940, 4750, 5630, and 6420 eps could 
then be harmonics of either the front drum 
or the back drum, and do show that the 
front drum was very possibly a minor 
source of noise, 

A reanalysis of friction forces involved 
on the back drum indicated that the gripper 
grooves could be eliminated entirely from 
that drum, thereby eliminating the major 
source, 

Rewinder “Y,” Figure 15, was manufac- 
tured without back drum gripper grooves, 
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Fig. 13.—Octave band 


readings of machine “C,” 


SERIOUS RISK 


full noise treatment, 
plotted tentative 


WIDE ~BAND NOISE 


damage-risk chart. (From 


Handbook of Noise 
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Measurement, General 


Radio Co., 
Mass. ) 
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CHEVRON SGROOVES 
Smaee € CLosce 


CHEVRON 
SPACED ON FRONT DRUM 


\ ANGLE 


CHEVRON GROOVE S 


REMOVED 


Daum 


Feont Daum 


Sipe View of WindER 


Fig. 14.—Modification of rewinder drums for noise reduction. 


“NO TREATMENT" 


TWO NEWSPRINT REWINDERS FROM—— 
TO "PARTIAL TREATMENT" 


SPECTRUM PEAKS* 


REWINDER 
NO NOISE TREATMENT 


INSTALLED-1956 
SPEED-5300 F. P.M. 
TOTAL NOISE LEVEL-107 DB. 


REWINDER “y" 
PARTIAL NOISE TREATMENT 
INSTALLED-1957 


SPE ED-—5300 F.P.M. 


TOTAL NOISE LEVEL-102 DB. OB. 


*READINGS MADE 6FEET INTO AISLE FROM 
POINT MIDWAY BETWEEN DRUMS AT AISLE 
END OF DRUMS. 


Fig. 15.—Noise spectra of two rewinders—one with no noise treatment and the other 


with partial noise treatment. 


and upon its installation in a paper mill, 
another spectrum analysis was made. The 
noise had been reduced considerably, but 
there was still noise of a fairly serious level 
present, originating from the front drum 
grooves. 

The grooves are needed in the front drum, 
but it was determined that with some re- 
tooling, the angle of the groove from the 
longitudinal axis of the drum could be in- 
creased by about 14 degrees and still leave 
the drum with adequate friction. 
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Drums with the increased angle grooves 
are presently being manufactured and will 
soon be installed on new rewinders in var- 
ious paper mills, It is expected this modifi- 
cation will eliminate rewinder drum noise at 
present-day operating speeds. 

Noise from suction rolls and rewinder 
drums are the two major sources of noise 
in the paper machine rooms of paper mills. 
The above programs provided the means to 
bring paper machine room noise to tolerable 
levels. 


Beloit Iron Works. 
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Neutron Activation, an Ultrasensitive Analytical Tool 


HERMAN CEMBER, Pittsburgh 


Matter that is exposed to neutron irradia- 
tion may become radioactive. This phenom- 
enon can be utilized for  ultrasensitive 
quantitative determinations of trace chemical 
elements. 

The method of neutron activation may, 
because of the specificity of the radiations 
from radioactive materials, be used either 
for the determination of very low concen- 
trations of unknown elements or in appli- 
cations involving tracer techniques. An 
interesting application of neutron activation 
that was developed by the Industrial Hy- 
giene Foundation and by my colleagues and 
me for the American Institute 
is its use for tracing the effluent of stack 
gases. In this method, antimony oxide was 


Petroleum 


dispersed from a chimney at the rate of 


56 gm. per minute. Two-hour air sam- 
ples, taken at the rate of 0.5 cubic meter 
per hour on Whatman No. 4 filter paper 
the Oak 


Ridge reactor permitted a detection sen- 


and irradiated for one week in 
sitivity of 3 mpg. of antimony per cu, ft. 
of air. In this way, we were able to follow 
the plume for a distance of 4 mi. The use 
this 
that was irradiated and made radioactive 


of a nonradioactive tracer, in case, 
after its removal from the environment per- 
mitted the investigator to take advantage of 
the sensitivity with which radioactive meth- 
ods could be employed without the concom- 
itant radiologic risk that would result from 
the dispersion of radioactive dust into the 
air. When this 
activation techniques can be applicable in 


used in way, neutron- 
studies in micrometeorology and hydrology, 
as well as in testing procedures to evaluate 
the effectiveness of engineering controls of 
environmental contaminants that may be re- 
leased during certain industrial processes. 


Comparison of Sensitivities 


Oak Ridge Oak Ridge 
X-10 LITR 


Element Reactor Reactor Other 


0.007 0.00035 


0.03 
0.00005 
0.05 
0.001 
0.0015 
0.0025 
0.0001 
0.005 
0.0001 
0.0065 


The table below, which was abstracted from 
the published literature,’ compares the order 
of magnitude of sensitivity that can be ob- 
tained with neutron activation techniques 
and with other analytical methods. 

It should be emphasized here that neutron 
activation analysis is not a new technique. 
In 1938, before the advent of the nuclear 
reactor, Seaburg and Livingood used the 
method of activation analysis to determine 
small amounts of gallium in iron, Pile neu- 
trons were used in 1947 for the analysis of 
trace elements in tissue. Since then, the 
increasing number of neutron sources, as 
well as the increasing number of personnel 
qualified to work with radioisotopes has 
resulted in the relatively widespread use of 
this new analytical technique. 


Basis for Sensitivity 


In the case of most radioisotopes, the 
alpha or beta particle is accompanied by a 
gamma ray. For most artifically produced 
radioisotopes, such as those resulting from 
neutron activation, only beta and gamma 
radiation is emitted. It is well known that 
gamma radiation is highly penetrating and 
passes through great thicknesses of matter. 
Detection and measurement therefore are 
relatively simple. Beta rays, on the other 
hand, can traverse only small thicknesses 
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z 

ll Na 0.002 

12 Mg 0.6 0.06 

13 Al 0.001 0.002 

l4 si 1. 0.1 

15 P 0.02 0.01 

55 Cs 0.03 0.5 

56 Ba 0.05 0. 

57 La 0.002 0.05 

5s Ce 0.1 0.5 

59 Pr 0.002 0.2 ‘ 
80 Hg 0.13 0.05 

= 


A. 


of matter and, consequently, are more diffi- 
cult to measure than gamma rays. It should 
be pointed out, however, that positive beta 
particles present little difficulty in measure- 
ment. A positive electron, or positron, after 
dissipating its kinetic energy, combines with 
a negative electron, and the two are anni- 
hilated. The masses of the two particles are 
converted into energy that appears as 2 
photons of 0.51 mev each. These photons 
are easily detectable and measurable. 
When radioactive materials are measured 
by counting techniques, it must be remem- 


CouNTS PER MINUTE 


i 
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bered that individual atoms are under 
observation. It is this characteristic of radi- 
ation measurements that is the basis for the 
high sensitivity of radioactive tracer tech- 
niques. 


Radioactivity Measurements 


Probably the most widely used instru- 
ment for radiation detection and measure- 
ment is the Geiger counter. In_ this 
instrument, a single ionizing particle ini- 
tiates an avalanche of ions in the gas within 
the Geiger tube. These ions are collected, 


0.364 MEv PHOTOPEAK 
I-13! 


0.51 Mev ANNIHILATION PEAK 
Na-22 


iL iL 


20 30 


40 50 


BASE Line, VoLTs 


‘ig. 1—Gamma ray spectra of I’ and Na®. 


Vol. 17, May, 1958 


° 
8 

| 

| 
10 
| 528 


NEUTRON ACTIVATION 


and produce a voltage pulse which can be 
amplified and counted. Geiger counters are 
most useful for counting beta rays. Al- 
though the counting efficiency of a Geiger 
counter approaches 100% for beta rays that 
enter into the Geiger tube, absorption losses 
and geometrical effects reduce the detection 
efficiency for beta rays to a value that sel- 
dom exceeds 10% and is on the order of 
1% for low-energy beta rays. 

For gamma rays, the detection efficiency 
of a Geiger counter is very low, usually 
much less than 1%. In order to achieve 
better detection efficiency, a scintillation 
counter is frequently used for measuring 
gamma rays. This instrument consists es- 
sentially of a scintillating crystal that is 
optically coupled to a photomultiplier tube. 
When a gamma ray strikes the crystal, a 
flicker of light is produced. This light pulse 
is seen by the photomultiplier, which con- 
verts the light pulse into a pulse of electric 
current. This current pulse can be ampli- 
fied and counted. Although the inherent 
counting efficiency of this system is high, 
its main virtue lies in the fact that the light 
pulse, and consequently the current pulse, is 
proportional to the energy of the gamma 
ray. This fact makes it possible to use a 
scintillation system as a gamma ray spec- 
trometer. Since gamma ray spectra are 
sharp-line spectra, which are characteristic 
of the isotope from which they come, they 
can be used to identify unknown substances. 
Furthermore, by looking only at a single 
energy gamma line through a narrow slit, 
interference from contaminants can be 
either eliminated or greatly reduced, thereby 
permitting greater sensitivity than could be 
obtained with a high background of inter- 
fering radiations. 

Figure 1 shows the gamma ray spectra of 
and Na®*. This spectrum was obtained 
in a biological experiment involving simul- 
taneous use of these two isotopes. By op- 
eration of the gamma ray spectrometer at 
the appropriate base line, either of the iso- 
topes may be counted in a sample containing 
a mixture of both. The combination of 


Cember 


gamma ray spectrometry, together with neu- 
tron activation, greatly extends our ability 
to measure small quantities of matter. 


Activation Process 

Nuclear fission occurs when a low-energy 
or “thermal” neutron is absorbed by fis- 
sionable fuel. In addition to the formation 
of two fission fragments, two or three high- 
energy neutrons result from the fission of a 
U*® atom. One of these neutrons can be 
slowed down, and be used to initiate another 
fission, thereby sustaining the chain reac- 
tion. One of the extra neutrons, after being 
slowed down to thermal energies, may in- 
teract with another nucleus by a process 
called radiative capture. In this process, the 
neutron, after colliding with the target nu- 
cleus, is absorbed into the nucleus, forming 
a highly excited compound nucleus. The 
energy of excitation is instantaneously 
emitted in the form of a gamma ray. Be- 
cause of this sequence of events, the proc- 
ess is called an n, y reaction. This reaction 
may be represented by the following equa- 
tion: 

on’—> (-X“*?)—> .X47*+y, 
and is commonly written as follows: 
:X4(n,y) 2X4" 


Reaction Kinetics 


The kinetics of the neutron activation 
reaction are determined chiefly by the prob- 
ability that the neutron will be absorbed by 
the target nucleus. This probability is called 
the cross section, and is expressed in a unit 
called the barn. Numerically, one barn is 
equal to 10~*4 cm?. Generally, the cross 
section varies inversely with the neutron 
energy, and is a maximum at a very low, or 
thermal energy corresponding to about 0.040 
electron volts. 


When the sample to be analyzed is ex- 
posed to a thermal neutron flux, the pro- 
duction of induced radioactivity begins. 
However, since the product is radioactive, 
it also begins to disappear as soon as it is 
produced ; the rate of disappearance is char- 
acteristic of the particular radioisotope, and 
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may be given in terms of the half-life of the 
radioisotope. The net rate of growth is 
equal to the difference between the rates 
of production and decay. The activity of 
the sample, in disintegrations per second, 
after given bombardment, is given by 

I=¢No(1—e™), (1) 
where 


neutrons 
¢=neutron flux, “= 
c 


o=thermal activation cross section, 
barns 10°**cm? 

\=decay constant—0.693/T! 

t=irradiation time 

N=number of target nuclei in sample 
W grams 6.03 X 


A grams 
mole 


From this equation, it may be seen that 
the activity varies directly with irradiation 
time, and reaches a maximum called the 
saturation activity after an infinitely long 
time. 

Specific Activity 


Because of the characteristics of an ex- 


ponential build-up, however, near saturation 
may be obtained from irradiation times of 
much shorter duration than infinity. If we 
examine the curve showing the induced ac- 
tivity as a function of irradiation time, 
Figure 2, plotted in units of half-life of the 


100 


Percent of Maximum Activity 
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radioactive isotope, we see that very little 
additional activity is produced beyond an 
irradiation time corresponding to four half- 
lives, 


The curve showing the build-up of activ- 
ity in the sample is the image of the radio- 
active decay curve for the radioisotope. It 
is therefore seen that the per cent approach 
to saturation activity depends on the half- 
life of the radioisotope being produced, and 
that samples from which long-lived isotopes 
will be produced must, under some condi- 
tions, be irradiated for long periods of time. 


If we now reexamine the activation equa- 
tion, and express the number of target nu- 


clei in terms of their mass and atomic 
weight, we have 
I= (1—e™*) (2) 


This equation may be solved for the specific 
activity of the radioisotope, that is, for the 
number of disintegrations per second per 
gram of target, as follows: 


I 0X 6,03 X 10% 
(3) 


This equation shows that the maximum ac- 
tivity that can be induced in any given sam- 
ple, or the sensitivity of this method of 
analysis, depends on the neutron flux. 

In carrying out an analysis, a standard 
containing a known quantity of the element 


1 2 


Irradiation time, half lives 


Fig. 2—Rate of build-up of a radioisotope. 
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Fig. 3.—Proposed decay scheme for radioarsenic 
(NBS circular 499). 


in question is irradiated under the same 
conditions as the unknown. Since the spe- 
cific activity of the unknown will be equal 
to that of the standard, the quantities con- 
tained in the two will be proportional to 
their counting rates. 


Illustrative Example 


As an example, let us estimate the amount 
of arsenic that could be determined by neu- 
tron activation analysis. Arsenic 75, com- 
prising 100% of naturally occurring arsenic, 
is converted into arsenic 76 by the n, y reac- 
tion. The for this reaction 
is 4.2 barns. Radioarsenic, whose decay 
scheme is shown in Figure 3, is a_beta- 
gamma emitter whose half-life is 27 hours. 
Let us assume that the radioarsenic will be 
measured by counting the gamma radiation 
with a well-type scintillation spectrometer. 
The 2.1 and 1.8 mev gamma rays are con- 
sidered weak, that is, they form only a small 
fraction of the total number of photons 
emitted by arsenic 76. The decay scheme 
shows that the 0.567 mev photon is observed 
in 40% of the number of disintegrations 
and constitutes about 71.5% of the total 
number of photons. This, together with the 
fact that detection efficiency is greater for 
photons of this energy than for the more 
energetic gamma radiation, makes this the 


cross section 
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If we 
assume a detection efficiency of 20% for 
the 0.567 mev photon, then, for 50 counts 
a minute, the required activity would be 
625 disintegrations per minute. The spe- 
cific activity, in disintegrations per minute 
per gram of sample, had been shown to be 
proportional to the thermal neutron flux. 
Assume that our sample of arsenic will be 
irradiated in the Oak Ridge National Labo- 
ratory graphite reactor. The thermal neu- 
tron flux there is about 5101! neutrons 


photon of choice for measurement. 


per square centimeter per second. From 
equation 3, we see that the saturation specific 
activity is 

A 


«6.03 10 


1 atoms 


5X10" X4.2 10cm? 6.03 X 10 


Tams 


mole 


mole 


disintegration 


—0.69 gram 


second 
If 10 disintegrations per second is taken as 
the required activity, then the minimum 
quantity of arsenic in the sample must be 
= OX 10°" grams 

This is the minimum detectable quantity 
of arsenic, based on saturation irradiation. 
In the case of arsenic, saturation activity 
could be obtained in a one-week irradiation. 
After removal from the reactor, however, 
the specific activity of the arsenic would be- 
gin to decrease, and would be reduced to 
one-half its initial value in 27 hours. Gen- 
erally, the relationship between the activity 
at some initial point in time and a subse- 
quent point in time is given by 
where 

693 
N=N.e 
N.=initial activity 
N=activity at any subsequent time 
t=time interval 
T=half-life of isotope, in same units as the 
time interval above 

If the measurement were made two days 
after termination of irradiation, the specific 
activity would be about one-fourth the ini- 
tial activity, thereby decreasing the sensi- 
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fh, 7% 0.4 
19% 
Be 4 
* 2.1 
54% 
3.12 
Y2 
1.25 
567__ 
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tivity by a factor of 4 to about 2.5 mug. of 
arsenic. 

The foregoing example shows that the 
two chief factors determining the sensitiv- 
ity of neutron activation analysis is the 
neutron flux and the activation cross sec- 
tion. The method is limited, of course, to 
those isotopes whose half-lives are long 
enough to permit measurement after irradia- 
tion and whose radiation characteristics are 
amenable to simple methods of measure- 


ment. High-energy beta rays or gamma 
radiations are most suitable for reliable 
measurements. 


In the case of a gamma-emitting radio- 
active isotope, the analysis may be extremely 
simple, as shown in the example. In the 
case of a beta emitter, however, it may be 
necessary to chemically separate the active 
element under investigation from other in- 
duced activities. This can usually be ac- 
complished simply by adding a relatively 
large quantity of nonradioactive carrier to 
the solution containing the desired activity, 
and then precipitating it down. The radio- 
active form of the element will also be 
brought down, thereby permitting it to be 
counted. The carrier, of course, is of no 
consequence, since it is only the radioactive 
atoms that will be counted. 

Irradiation services, either with or with- 
out subsequent analysis, may be obtained 
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through the Oak Ridge National Labora- 
tories. Details and exact cost may be ob- 
tained from the Isotope Sales Department 
of the Union Carbide Nuclear Company, 
operators for the Atomic Energy Commis- 


sion of the Oak Ridge National Labora- 
tory. 


Summary 


Neutron activation analysis provides a 
simple method of detection and measure- 
ment of certain trace elements. Sensitivity 
of the method is determined intrinsically by 
the neutron activation cross section and ex- 
trinsically by the thermal neutron flux in 
the reactor. The method is applicable only 
to those elements whose activated radioiso- 
topes have half-lives that are at least of the 
same order of magnitude as the time be- 
tween termination of irradiation and meas- 
urement. If a reactor in a National 
Laboratory is used, this means a minimum 
half-life of about one day. 


Graduate School of Public Health, University 
of Pittsburgh (13). 
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Anatomy and Physiology 


A Summary 


VINCENT G. DETHIER, Ph.D., Baltimore 


The senses of taste and smell have been 
studied most extensively in vertebrates and 
insects. As physiological studies become in- 
tensified in both groups, it becomes increas- 
ingly necessary to understand intimately the 
structure of the receptors concerned. Older 
anatomical studies are adequate as far as 
they go; however, the anatomy of finer 
structure now demands attention. Electron- 
microscope studies are only just beginning 
to be undertaken in this area. The grosser 
anatomy of taste and olfactory receptors is 
generally familiar to all. 


Taste Receptors 


The principal organs of taste of verte- 
brates are situated on the tongue. The re- 
ceptors are concentrated in papillae in the 
form of taste buds, groups of cells of two 
kinds: supporting epithelial cells and the 
receptor cells themselves. Taste receptors 
may be innervated by several nerve fibers. 
On the other hand, a single nerve fiber 
may branch to more than one cell. This 
anatomical arrangement has made it difficult 
in the past to interpret nerve action poten- 
tials recorded from individual fibers. Re- 
cently Beidler and his associates have been 
able to place electrodes within single taste 
receptor cells. It has thus become possible 
to determine to what extent a single taste 
cell is sensitive to stimulation by compounds 
representing the primary taste qualities, 
sweet, sour, acid, and bitter. It appears 
from thesé studies that any given cell may 
be sensitive to more than one type of com- 
pound though no one cell appears equally 
sensitive to all. Thus there is certainly 
some degree of peripheral discrimination as 
regards taste qualities. 


In insects 
arrangement. 


there is a simpler structural 
In the fly the receptor organ 
is a long, thin-walled hair, at the base of 
which lie three sensory cells. In contrast 
to the vertebrate taste receptor, which is a 
secondary sense cell (i. e., an epithelial cell 
closely associated with a nerve fiber), the 
insect receptor is a primary sense cell (i. e., 
a single cell serves both as receptor and 
nerve fiber). Of the three sensory cells in 
the insect receptor organ, one is a mechano- 
Each of the other two sends a 
fiber to the tip of the hair. Behavioral and 
electrophysiological studies confirm that one 
is predominantly sensitive to sugars and the 


receptor. 


Here, too, there 
exists a condition for peripheral discrimina- 
tion of tastes. 


other to salts, acids, ete. 


Olfactory Receptors 


The olfactory receptor of vertebrates is 
a primary sense cell. Its free end bears 
fine hairs; its proximal end is an axon and 
constitutes, in the strict sense, the olfactory 
nerve proper. This fiber almost immediately 
synapses with other nerve cells forming the 
glomeruli which in turn synapse with mitral 
and tufted cells in the olfactory bulb. The 
olfactory bulb and all its synapsing cells 
really constitute part of the brain. 

It is the extreme shortness of the olfac- 
tory nerve proper which has made electrical 
recording difficult, although recently Beidler 
and his associates have succeeded in record- 
ing the electrical events in the olfactory 
receptors in isolated pieces of nasal epithe- 
lium. Their results (as well as _ recent 
results of other workers) indicate that no 
one receptor cell is sensitive to all odorous 
compounds but that individual cells are 
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differentially sensitive. Thus, as with taste, 
there appears to be a mechanism for a 
certain amount of peripheral quality dis- 
crimination. 

The olfactory receptors of insects are also 
primary sense cells, but little is known of 
their physiological characteristics. 


Chemoreceptors 


In studying the physiology of chemore- 
ceptors one is generally concerned with two 
basic questions: 1. By what means is the 
chemical energy of the stimulus transformed 
into a nerve impulse, or, in other words, 
what is the transducing mechanism of the 
receptor’ 2, What is the nature of quality 
discrimination ? 


Fundamental Characteristics of 
Sense Organs 


To appreciate fully the significance of 
these questions from a physiological point 
of view it is helpful to recall some of the 
fundamental characteristics of sense organs 
in general. If, for example, a sense organ 
is subjected to a stimulus of given duration, 
several events can be observed which bear 
specific relations to one another. In the 
receptor itself at the onset of stimulation 
there is a local depolarization of the cell 
membrane. This local excitatory state per- 
sists as long as the stimulus continues but 
does slowly decrease in magnitude. In the 
nerve fiber the onset of stimulation is 
marked by a series of nerve impulses, re- 
petitive propagated pulses of depolarization 
which have initially a high frequency but 
which gradually slow down (adapt) even 
though the stimulus continues at full 
strength. The nerve discharge varies only 
in frequency. Thus, regardless of the nature 
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of the stimulus, the nerve can carry only 
one message and this can vary only in fre- 
quency. Changes in stimulus strength are 
signaled as changes in frequency. Stimulus 
quality cannot be signaled at this level. 


Physiological Basis of Quality 
Discrimination 

Concomitant with the changes mentioned 
above, there is in the brain a sensation which 
commences at the onset of stimulation and 
persists (although gradually decreasing in 
intensity) as long as the stimulus continues. 
It is here in the brain ultimately that quality 
or modality discrimination occurs. The 
brain messages from different 
nerve fibers with different qualities. Thus, 
if a given odor stimulates a certain cell only, 
the message from this cell is interpreted by 
the brain as a given quality, Regardless 
of the nature of the stimulus, a message from 
this nerve fiber always means the same 
quality to the brain. The brain then inte- 
grates messages from a variety of more or 
less specific sense organs. This, briefly, is 
the physiological basis of modality, as cur- 
rently understood. 


associates 


At the present time, therefore, a very 
promising approach to solutions to the two 
basic questions posed above is the method 
of recording electrical impulses from single 
receptor units and from areas of the brain 
which receive these impulses. 

Although there are many theories pur- 
porting to explain the mechanism of taste 
and olfaction and the means of quality dis- 
crimination, a definitive experimental ap- 
proach is still in its infancy. The ultimate 
solution of these problems is yet to come. 


Mergenthaler Laboratory, The Johns Hopkins 
University (18). 


Current Techniques of Odor Measurement 


JOHN S. NADER, Cincinnati 


The subject of odor measurement is of 
increasing importance in relatively new 
areas of interest, such as air pollution con- 
trol, food products, and industrial and home 
environments. The literature *1! covering 
the subject is confusing with respect to both 
terminology and the techniques and appa- 
ratus used. Consequently, a few basic con- 
cepts need to be considered to provide an 
understanding of current methods of odor 
measurement. 


Basic Concepts 


Odor is a property attributable to matter 
and capable of stimulating the human sense 
of smell. This definition specifies two in- 
terdependent aspects of odor measurement, 
namely, measurements of matter and meas- 
urements of human perception. 

Measurement of matter consists of a 
determination of the amount of material 
with which an odor is directly associated. 
A substance possessing an odor is called an 
odorant, and the above measurement is cor- 
rectly called odorant measurement or more 
specifically measurement of odorant concen- 
tration. This measurement employs a quan- 
titative analytical technique using chemical 
methods such as oxidation, or physical 
methods such as surface adsorption,’ sur- 
face tension,® or infrared absorption.2 The 
results of these measurements are expressed 
aS mass concentration of the odorant in a 
solid, liquid, or gaseous medium. 

In contrast to this, the detection of odor 
is known only by the response of the human 
sense of smell. Measurement of this re- 
sponse is a perceptual measurement made 
in terms of one or more of the following 
perceptual characteristics: intensity, quality, 
acceptability, and pervasiveness. 

Chief, Instrumentation Unit, Community Air 


Pollution Program, Robert A. Taft Sanitary 
Engineering Center, U. S. Public Health Service. 


A measurement of matter ultimately relies 
upon a reference to an odor standard to 
ascertain the perceptual aspects of the odor- 
ant. Conversely, a perceptual measurement 
to be conclusive must be correlated to a 
measurement of matter. This interdepend- 
ence of matter and perceptual measurements 
makes it necessary to have both measure- 
ments for a complete evaluation of an odor. 


Measurement Techniques 


Matter—Many “odor measurement” ap- 
paratus, thought to be instruments which 
give perceptual measurements, actually are 
devices designed to deliver known concen- 
trations of odorants to human subjects for 
subsequent perceptual measurements. These 
apparatus operate on the dilution principle 
and differ mainly in their details of con- 
struction, i. e., form of odorant confinement, 
procedure of dilution, and manner of odor- 
ant presentation to the subject. A range 
of concentrations is achieved in several 
ways: vapor dilution, in which a saturated 
vapor of the odorant is diluted with odor- 
free air; liquid dilution, in which an odor- 
less solvent is added to the liquid odorant 
and the vapor of the mixture is perceptually 
evaluated; diffusion and dilution, in which 
the odorant diffuses at a known rate from 
a volume of saturated vapor into a moving 
odor-free air stream with which it is diluted 
and presented to a subject. 

The essential characteristics required of 
a dilution device are accurate control and 
measure of odorant concentration at very 
low levels (of the order of parts per billion 
by weight); versatility of controls which 
will permit independent presentation of 
odor-free air to the subject; repetition of 
preset concentration values over an ex- 
tended range with good reproducibility; con- 
tinuous flow presentation for subjective 
appraisal under dynamic conditions; presen- 
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tation of odor to the subject in such a 
manner that environmental interferences are 
minimized, and freedom of the subject from 
both operation of controls and access to 
information which may bias his perceptual 
evaluation. 

Perce ptual \Measurement.—The perceptual 
characteristics of odor are subjective evalu- 
ations, and consequently are measured in 
terms of a subjective set of values. 


Intensity is the quantification of an odor 
according to the degree of detection. Ac- 
cordingly, a descriptive set of values is 
established and correlated with a numerical 
scale which lends itself to statistical treat- 
ment. A scale of five values in common use 
is as follows: 

No odor 

Barely detectable odor 
Definite odor 

Strong odor 
Overpowering odor 

Since a subject is capable of perceiving 
on a comparative basis as many as 30 odor 
intensity levels, more precision may be ob- 
tained by interpolation between the whole 
numbers of the above scale. Reproducibility 
of results among various groups of observ- 
ers can be optimized by calibration against 
a series of known odorant concentration 
values. 


wh — © 


The quality of an odor is an odor char- 
acteristic evaluated with descriptive words 
which associate it with familiar materials 
or with subjective reactions. Familiar ma- 
terials introduce descriptive words, such as, 
fruity, flowery, and burnt. Words indicative 
of subjective reaction include fragrant, 
sweet, foul, and nauseating. Often more 
than one reference scale is used to classify 
an odor according to quality. An example 
of this is the Crocker-Henderson system,® 
which utilizes four reference qualities 
(fragrant, acid, burnt, and caprylic) each 
on a nine-point intensity scale. 

Acceptability is another odor character- 
istic which is rated on a subjective scale of 
values. These are referred to the degree of 
pleasantness of the odor, ranging from the 
very pleasant to the very unpleasant. 
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The fourth characteristic of odor is vari- 
ously referred to as pervasiveness, odor 
potential, or threshold dilution ratio. These 
essentially are a measure of the ability of 
an odor to pervade a larger volume of dilu- 
tion air and continue to possess a detectable 
intensity. The odor unit, defined as the 
amount of odor in a cubic foot of air at 
threshold intensity, is a unit of measure of 
odor potential. A practical measure giving 
information on odor potential is the thresh- 
old dilution ratio, which is the ratio of 
odorant concentration to its threshold con- 
centration. A ratio of 100:1, for example, 
would indicate an odor potential of 100 
units. This in effect means that the odorant 
present in a cubic foot of air is capable of 
odorizing 100 cu. ft. of clean air to the 
threshold level. 

Perceptual data from tests on one indi- 
vidual are of limited value because of the 
wide range of response between individuals. 
The preferred procedure is to use a number 
of persons as a test panel so as to provide 
statistical data that will properly define the 
range of response. 


Apparatus 


There are in current use several repre- 
sentative types of odor apparatus. A rather 
direct and simple approach is the syringe 
technique.* This is a method for measuring 
the odor potential or pervasiveness of a 
source, utilizing a sampling syringe filled 
with the odorous air to be measured. Sub- 
sequent perceptual analysis takes place in 
an odor-free room. The desired volume is 
taken from the sampling syringe by a trans- 
fer syringe for introduction into a dilution 
syringe, the remaining volume of which is 
filled with odor-free air. An observer tests 
the diluted sample by direct injection into 
one nostril during a period of several sec- 
onds of suspended breathing. The threshold 
dilution ratio is the highest at which odor 
is consistently perceived and not more than 
twice the second highest dilution tested. 

In a modification * of the Elsberg Olfac- 
tometer, also utilizing the syringe technique, 
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Fig. 1—Odor evaluation apparatus. Fi, F2, Fs=glass wool filters. M:=—=plastic air-flow 
meter, 30 liters/minute. M2z=glass air-flow meter, 1.5-40 cc/minute. Ms—glass air-flow 
meter, 15-425 cc/minute. M,—glass air-flow meter, 9-900 cc/minute. Vi, Vs, Vs=brass 
needle valves. I's, Vs=glass two-way valves. A.i—plastic activated charcoal absorber 
column, 2% in. o. d.X15 in. length, % in. wall. As—plastic activated charcoal absorber 
column, 1 in. o. d.X12 in. length, % in. wall. P=carbon vane oilless air pump, approximately 
25 liters per minute free air flow. 110 v. a. c. motor for laboratory or 6.3 v. d. c. for field. 
H=Teflon hood with glass viewing window. C—odorant glass diffusion cell, approximately 
4.0 mm. diameter and 10 cm. capillary. Glass or Teflon is used for all connecting tubing. 


(Reproduced with permission from Nader, J. S.: dm. Indust. Hyg. A. J., Feb., 1958.) 


the plunger is depressed automatically in- 
stead of manually to maintain constant 
velocity of impingement through a glass 
nosepiece inserted into the nostril. 

Where the odorous substance to be meas- 
ured is a gas under pressure, a dynamic 
dilution system without pumps or syringe 
has been devised.” In this device an odor- 
ized gas under pressure from a gas main is 
divided into two channels with each stream 
valved and metered. One is made odor-free 
by passage through activated charcoal and 
then the two mix and go to a funnel for 
subject evaluation. 

The need for a versatile odor evaluation 
apparatus adaptable to field and laboratory 
use while possessing portability and pre- 
cision led to the development of such a 
device in the Community Air Pollution 
Program of the Taft Sanitary Engineering 
Center. The instrument consists of three 
independently controlled air supply systems : 
(1) the odor-free air supply; (2) the odor- 
ous-air sampling system, and (3) the cali- 
brated odorous-air supply (Figs. 1 and 2). 
Metered air is pumped to a hood (Fig. 3) 


Nader 


which isolates the subject from the environ- 
ment and in which he detects the odor. 


The odor-free air supply provides the 
following: environmental air in which the 
subject makes his observations; absolute 
zero reference odor stimulus for perception 
threshold determinations; purging air to 
resensitize the subject’s sense of smell fol- 
lowing an odor stimulus, and dilution air 
which mixes with the odorous air to pro- 
vide the stimulus given the subject. This 
air is supplied through filter, F,, from the 
environment in which the instrument is 
located and from absorber, As. It is desir- 
able to maintain high flow rates (15 to 20 
liters per minute) at all times from this 
supply for the following reasons: to meet 
the high dilution requirements of the appa- 
ratus, to satisfy the breathing needs of the 
subject, and to keep the pump working near 
free-flow conditions for longer life. 


The odorous-air sampling system provides 
a means of sampling a metered amount of 
air from any odorous atmosphere: at the 
source of pollution, at points downstream 
from such sources, or from calibrated odor- 
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ous atmospheres. The two-way valve, I’4, 
introduces odorous air into the apparatus 
from either of two points, depending upon 
the source to be sampled. For atmospheric 
sources, |’, is set to sample through filter, 
Fy. For calibrated odorous atmospheres, |", 
is set to sample from point A, which is a 
tap into the calibrated odorous-air stream. 
This valve may be closed at any time so 
that the odorous-air supply to the subject 
is cut off entirely while a given flow-rate 
setting on I’. is maintained. Use of the 
two air-flow rate meters, My and Ms, gives 
an overlapping range which extends from 
1.5 cc. per minute to 425 cc. per minute. 
The calibrated odorous-air supply is a 
controlled source of odorous air. It is used 
to determine the perception threshold of 
pure compounds in the laboratory and to 
calibrate the odorous-air sampling system 
in the field. The air stream from the diffu- 
sion cell,* C, to the absorber, 4, is the source 


TaBLe 1—IJndividual Perception Thresholds for 
dorants 


IPT Values 
Parts per Billion 


Odorant 1 2 
Butyric acid 


Metacreso’ 
Methy] salicylate 
Toluene 51 


2 
3 
4 
0 


From Nader, J.S.: Am. & Indust. Hyg. A. J., Feb., 1958. 
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Figure 3 
Fig. 2.—Photograph of air supply apparatus. 
(Reproduced with permission from Nader, J. S.: 
Am. Indust. Hyg. A. J., Feb., 1958.) 


Fig. 3.—Hood which isolates subject from the 
environment and in which he detects odors. (Re- 
produced with permission from Nader, J. S.: 
Am. Indust. Hyg. A. J., Feb., 1958.) 


of calibrated odorous air. The type of odor 
is controlled by the choice of odorant used 
in the cell. The concentration of any odor 
in the air stream depends upon the physical 
parameters of the diffusion cell, the tem- 
perature and the vapor pressure of the 
odorant, and the air-flow rate through the 
meter, M4, which is controlled by the valve, 
V5. These conditions are known or may be 
determined, and the odor concentration may 
be calculated. 

Measurements (Table 1) were made of 
the individual perception threshold (IPT) 
and defined as the lowest concentration of a 
particular odor at which a subject responds.* 
When this was applied to a number of sub- 
jects representing a_ specified population 
(Table 2), it was called population percep- 
tion threshold (PPT50) and defined as that 
concentration below which 50% of the peo- 
ple who have a capable sense of smell are 


2.—Estimated Population Perception 
Thresholds 


Geometric 
PPTSO Standard 
ppb Deviation * 


Methy! salicylate 5 
Methy! salicylate 5 1.6 
Butyric acid 18 


Odorant Subjects 


* Geometric standard deviation is a measure of the spread of 
the distribution and is defined as the ratio of the IPT value at 
the 84% frequency to that at the 50% frequency in a cumulative 


plot. 
Table from Nader, J Am. Indust. Hyg. A. J., Feb., 1958. 
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TaBLe 3.—Dilution Ratios for Odors in an Industrial Atmosphere 


Location 


A 
R 


Source Sampling Point 
Border of area 

In front of plant 

1 square down wind 

1 square down wind 

1 square down wind 


Disposal area 
Plastic mfg. 
Plastic mfg. 
Plastic mfg. 
Chem. Industry 


Table from Nader, J. S.: Am. Indust. Hyg. A. J., Feb., 1958, 


able to detect an odor. When odors of 
unknown mixtures were to be evaluated in 
the vicinity of an industrial atmosphere, 
threshold dilution ratio measurements were 
made (Table 3). Recognition threshold 
measurements can also be made to provide 
similar data. 

The instrument may be used to reduce 
the subjectiveness of intensity measurements 
and their variation with time by establishing 
standards for comparative evaluation. These 
standards would have a fixed reference in 
terms of known flow meter readings and 
calibrated odorant concentrations. A sim- 
ilar application may be made to measure- 
ments of the acceptability and quality 
characteristics of odor. 

Furthermore, the versatility of controls 
on the apparatus make it particularly appli- 
cable to the study of psychological charac- 
teristics of odor response, such as fatigue, 
sensitization, and response time as functions 
of various types of odor stimuli. 


Summary 


Proper evaluation of odor on the basis 
of its definition requires both a measure- 
ment of odorant concentration and a meas- 
urement of human response. Instruments 
are devised to provide known and controlled 
concentrations of odorants. Human sense 
of smell is necessary to detect the perceptual 
characteristics of odor. These perceptual 
characteristics are defined in terms of their 
perception. 


There are currently in use several repre- 
sentative types of odor apparatus which 
vary from the simple syringe technique for 


threshold dilution ratio measurements to 


Odor 
Quality 


Nauseating 
Phenolic 
Phenolic 
Phenolic 
Medicinal 


Intensity Dilution Ratio 


>10* 
>10* 
700 


70-280 
700-1800 


Strong 


the precise and versatile odor evaluation 
apparatus for field and laboratory use. Data 
resulting from odor measurements are ran- 
domly distributed for a population of sub- 
jects and require statistical evaluation. 


4676 Columbia Pkwy. (26). 
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Control 


AMOS TURK, Ph.D., Danbury, Conn. 


Although specific systems for odor con- 
trol have been described by me **!® and by 
jt is sometimes difficult, in 
practice, to set up a rational procedure for 
selecting and rating odor-abatement equip- 
ment. Such selection can be aided by re- 
sults of odor measurements and analyses, 
but the multiplicity of analytical methods 
which are available also pose problems as to 
choice and sequence. It is the purpose of 
this paper to suggest an over-all method of 
procedure in odor analysis and control 
which can serve as a guide for the air- 
pollution official and for the industrial hy- 
gienist. 

In general, odor control procedure should 
involve three phases: analysis, control, and 
evaluation. These are elaborated in the fol- 
lowing outline. 


I. Analysis 


(a) Intensity and  Acceptability—The 
odor to be abated should first be measured 
for its properties which affect people, 
namely, intensity and acceptability. De- 
pending on the practical circumstances in- 
volved, these attributes may be investigated 
at different locations, at different times, and 
under different conditions of the environ- 
ment (e. g., weather). This procedure will 
describe the nature of the problem as it af- 
fects people, and will also serve as a basis 
for eventual appraisal of control methods. 

(b) Tracing to Source.—lf the source of 
the odor is not known, or if its relative 
proportionment among a multiplicity of pos- 
sible sources is not known, then it must be 
traced. Procedures available for tracing are 
(1) organoleptic or perceptual, and (2) 
physicochemical. 

1. Perceptual Procedures: Odor is ex- 
amined for quality, or, if several qualities 
may be perceptually differentiated, a pro- 
file may be constructed which assigns a rela- 
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tive intensity to each quality component. All 
likely emission sources may be similarly 
examined in an attempt to match odor qual- 
ity at the source with odor quality at the 
points of nuisance. (Odor quality at the 
source may sometimes be reproduced in 
the laboratory by setting up a simulated 
industrial process on a small scale.) It is 
emphasized that this portion of the proce- 
dure may comprise only a few simple tests 
indicating an obvious solution, or may ex- 
tend into a protracted survey which leaves 
the final solution still in some doubt. It is 
also emphasized that, in the case of multiple 
emission sources, such analysis indicates the 
perceptual, not the material, proportion of 
odor nuisance contributed by each source. 

2. Physicochemical Procedures: To trace 
or apportion odors to their sources on a 
material basis, the odorants must be sam- 
pled from the atmosphere in question, char- 
acterized by physical or chemical properties, 
and then matched with similar samples from 
emission sources. Odorant samples from 
atmospheres are best taken by activated 
carbon sorption or by freeze-out trapping; 
characterization is usually best accomplished 
by infrared or mass spectrometry, with or 
without prior fractionation. The emission 
source, being more concentrated, will re- 
quire less additional concentration during 
sampling; it may even be possible to use a 
portion of the source material itself (e. g., 
contents of a vat). It is emphasized that 
such analysis indicates the material, but not 
the perceptual, contributions of each source 
to the total odor nuisance. 

(c) Analysis to Predict Control Require- 
ments.—Material analyses will usually be 
necessary to help select a control method 
and to predict its capital and operating costs. 
Such analysis should be made at the point 
at which control is to be applied, not neces- 
sarily at the point of nuisance. When dis- 
persal is being considered, a measurement 
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of pervasiveness will indicate the amount of 
dilution required. Measurements of total 
matter adsorbable by activated carbon, or 
of heat content by temperature rise, will 
help to scale adsorption or combustion sys- 
tems, respectively. If a single-component 
odorant is to be removed by liquid scrub- 
bing with a chemically reacting solution, 
then chemical analysis will reveal the quan- 
tities of reagent needed. 


II. Control 


(a) Source—Ilf modification of the 
source will reduce the intensity and/or im- 
prove the acceptability of the odor which is 
to be abated, and if such modification is 
technically and economically feasible, then 
it merits Details are 
outside the scope of this paper, because 
they involve technology in many diverse ac- 
tivities. 

(b) Confined Atmosphere.—1. Confined 
Near Emission Source: Such atmospheres 


first consideration. 


(e. g., stack emissions) usually contain 


odorant concentrations much higher than 
those prevalent at the nuisance points. Ad- 
sorption systems usually require reactivation 
at frequent intervals and, if the effluent is 
hot, require addition of cooler air for dilu- 
tion, and are therefore expensive to oper- 
“ate. Occasionally an emission source will 
embody a very pervasive odorant in moder- 
ate concentration (e. g., gas odorizing site; 
hormone concentration from animal mat- 
ter), so that an activated carbon system may 
be advantageously used. In general, acti- 
vated carbon systems which involve re- 
placement or discarding of saturated filter 
elements become uneconomical at vapor 
concentrations above about 2 ppm because 
service life becomes too short. Where the 
adsorbed vapors represent significant value, 
however, this concentration range may be 
revised upward by use of a cycling vapor- 
recovery system. 

When the odorant is hot and/or con- 
centrated, and free from catalyst poisons, 
catalytic combustion may be applied. If a 
heat source is proximately available (e. g., 
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secondary air intake to a boiler), the odor- 
ant may be burned directly. The only im- 
portant limitation on incineration is the 
availability of sufficient air intake capacity 
for the odorous gases in the combustion 
equipment. When an independent catalytic 
combustion system is set up, however, costs 
are involved in heating the odorous gas to 
oxidation temperatures (usually around 
500 F). The heat content of the combus- 
tible odorants makes a contribution to the 
necessary temperature rise, but this becomes 
negligible as concentrations fall below sev- 
eral hundred parts per million. Depending 
on effluent temperatures and concentrations, 
a cycling adsorption-combustion system § 
may be considered. By this technique, the 
odorants are concentrated by adsorption 
and then catalytically oxidized on the sor- 
bent surface, thus avoiding the costs of 
heating large quantities of diluent air. 

If the odor is associated with a particular 
reactive molecular functionality (e. g., acid, 
base, mercaptan), then the odorous gas 
stream may be scrubbed with a reacting so- 
lution which will produce products with 
little or no odor (e.g., neutralize acid or 
base to form salt; oxidize mercaptan to 
disulfide ). 

Odor modification in gas phase with a 
nonreacting vapor is a possible alternative 
to all of these methods and may be consid- 
ered on the basis of competing costs and ef- 
fectiveness in reducing intensity and/or 
increasing acceptability at the nuisance 
points. 

2. Confined Near Nuisance Point: Such 
atmospheres (e. g., air intakes for build- 
ings) contain only a small fraction of the 
source odorant, and are therefore compara- 
tively low in odorant concentration. An 
activated carbon system is usually the con- 
trol method of choice. 

(c) Unconfined Atmosphere—When no 
confinement of an odorous atmosphere is 
feasible (e. g., open dumps, lagoons, etc.) 
and where alteration of the source is im- 
practicable, nonreactive odor modification is 
usually the only available method of abate- 
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ment. The modifying agent should be 
sprayed into the atmosphere in such quan- 
tities and at such locations as to provide the 
most effective and stable mixing with the 
odorant atmosphere. 


III. Evaluation 


The ultimate evaluation of any method of 
odor abatement must demonstrate the ex- 
tent to which the adverse effect on people 
has been controlled. This means that the 
perceived odor intensity and quality at the 
nuisance points must be compared before 
and after application of the abatement pro- 
cedure. 

For abatement methods involving re- 
moval or chemical destruction of odorant, 
however, it is also useful to measure the 
material elimination of odorant. This is 
especially helpful while the details of the 
abatement procedure are being worked out, 
because physicochemical analyses avoid ex- 
tensive or tedious organoleptic appraisals, 
and are capable of much higher precision 
in following changes in control methods. 
The need for eventual olfactory measure- 
ment, however, is not obviated. 

The volumetric extent to which an odor- 
ous effluent can, on dilution, affect a com- 
munity may be monitored by measurements 
of pervasiveness. These measurements are 


sometimes useful 


stack gases. 


in examining odorous 


Tarrywile Lake Road. 
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Psychology: Absolute Judgments of Odor 


An Abstract 


CARL PFAFFMANN, Ph.D., and TRYGG ENGEN, Ph.D., Providence, R. 1. 


The paper was concerned with research 
on the human observer's capacity to judge 
odor intensity including preliminary data on 
odor quality. The observer's task was to 
identify a previously learned, singly pre- 
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sented odor stimulus, varying in quality or 
intensity. 

Experiments were carried out on the fol- 
lowing questions: 1, What is the greatest 
number of different intensities of an odor 
an observer can learn to discriminate and 
then identify correctly by number or label ? 
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How does this number compare with the 
number of different odor qualities he can 
identify without error? 2. How are these 
identifications influenced by the selection of 
odorants, size step between stimuli, prac- 
tice, and the number of stimuli presented 
for judgment ? 

The results indicate that (1) the average 
observer with minimal practice can learn to 
identify three levels of intensity while he 
could identify without error at least 16 cate- 
gories of odor quality in one preliminary 
study; (2) a well-practiced “expert” ob- 
server can identify 5 levels of intensity. In- 
creasing the number of categories presented 
for judgment did not influence these results 
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appreciably, and no reliable departures from 
the above findings on intensity were ob- 
tained with four different odorants: amyl 
acetate, n-heptanal, n-heptane, and phenyl- 
ethyl alcohol. There is a small but significant 
improvement in accuracy of identification 
with an increase in the size of the physical 
step between stimuli, and identification is 
also better with strong stimuli than with 
weak stimuli, 

Suggestions for further research on odor 
quality differences were discussed in light 


identifications with combined intensity and 


of these findings. 


Brown University. 
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Some Factors to Be Considered in a Protection 


Program for Use of Radiation Sources 


H. W. SPEICHER, East Pittsburgh, Pa. 


The hazards of radiation or radioactive 
materials should be considered as another 
industrial hygiene problem that needs to be 
adequately evaluated and controlled. One 
of the first requirements for such a control 
is that an adequately trained person be 
given over-all administrative responsibility 
for safe usage of all forms of radiation or 
radioactive materials. A system should be 
created by which such a person will have 
knowledge of all forms of radiation usage 
in his jurisdiction, so that all persons ex- 
pected to work with any form of it will be 
properly advised of the techniques and 
necessary precautions. Subsequent super- 
vision is usually required to be sure proper 
controls are established and maintained. 

With the exception of radium, most radio- 
active materials are produced or controlled 
by the Atomic Energy Commission. To 
obtain them a = special application form 
AEC-313 needs to be obtained from the 
Isotope Extension Division of Civilian Ap- 
plication, Atomic Energy Commission, Oak 
Ridge, Tenn. This application form  re- 
quests information, such as the name of the 
receiver; the kind and amount of radioactive 
material expected; the nature of its usage; 
the kind and characteristics of radiation 
detection instruments to be available; the 
method, frequency, and standards used for 
calibration of the instruments, personnel 
monitoring equipment, and bioassay methods 
to be used if desirable; and the name of the 
radiation protection officer. After this AEC 
Form 313 is sent to the AEC and it is 
satisfied that the material will be used safely, 
permission is granted on AEC Form 374 
to procure the requested radioactive mate- 
rial from an approved supplier. It might be 
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indicated, also, that applications for radio- 
active materials are now being more care- 
fully screened to be sure all applicants will 
satisfactorily control the usage of these ma- 
terials. 


Radiation Sources and Their 
Characteristics 


When selecting a type of radiation source 
to perform a certain function the character- 
istics of the various possible sources should 
be reviewed with respect to health hazards 
that need to be controlled as well as 
the properties of the various emitters. 
Usually a choice of material that will present 
the least health hazard and still be func- 
tionally satisfactory is most desirable. It 
is always true that highly toxic, highly flam- 
mable, and radioactive materials having 
highly hazardous properties are more ex- 
pensive to control than materials having 
lesser potential hazards, and therefore, it 
is smart to choose as wisely as possible for 
any specific use. It is frequently just as 
practical to choose materials with reasonably 
short half-lives rather than ones with ex- 
tremely long half-lives. When long half- 
life materials are breathed and are deposited 
in the bones, for example, radium and 
strontium”, the biological hazard is extreme- 
ly great; this would not be true of many 
other radiation emitters. A brief survey 
will call attention to some of the important 
characteristic properties of the commonly 
used sources of x-rays, gamma rays, beta, 
alpha, and neutron particles. 

X-rays are electromagnetic waves which 
are usually generated by electronic tubes 
specifically designed for the purpose of 
generating x-rays. Soft x-rays may be 
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emitted from many other electronic tubes 
operating above 15-20 kv. The intensity 
of this emission depends somewhat on the 
shielding properties of the tube envelope. 
The wavelengths of x-rays vary from about 
10 A. to 0.1 A., and are therefore shorter 
than those of ultraviolet light in the electro- 
magnetic spectrum. The shorter wavelengths 
of x-rays are more penetrating through 
matter than the longer wavelengths. Soft 
X-rays may penetrate only several inches 
into human flesh but hard x-rays (short 
wavelengths) may penetrate several inches 
of steel. 

Gamma rays are also electromagnetic 
waves but are usually shorter in wavelength 
than x-rays and obviously more penetrating 
through matter. These rays are emitted 
from such materials as radium, cobalt®, 
iridium?®?, cesium!’, and some other radio- 
active isotopes. These rays pass readily 
through the human body and may even 
penetrate several inches of steel or concrete. 
Lead is a commonly used shielding material 
because of its high physical density. 

Beta rays are beams of electrons instead 
of electromagnetic waves that are much less 
penetrating through matter than either 
x-rays or gamma rays. These rays are 
rather easily shielded by aluminum or plastic 
materials, the thickness of which depends 
on the energy of the particles. In general, 
they may travel through many feet of air. 
Beta rays are negatively charged particles 
and produce more ionization in a unit vol- 
ume of matter during penetration than does 
gamma or x-ray radiation. Examples of 
beta ray emitters are natural uranium, 
phosphorus*®, sodium**, and sulfur*®. 

Alpha particles are relatively heavy posi- 
tively charged particles emitted from the 
nuclei of the heavy radioactive elements and 
are about equal in weight to helium nuclei. 
These heavier alpha particles are rather 
easily stopped by such shielding material 
as a sheet of paper. Their range in air is 
usually not more than about 2 in. Therefore, 
they cannot penetrate the unbroken skin, 
but great care should be taken to prevent 
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alpha-emitting materials from getting into 
an open skin break or into the breathing 
atmosphere of humans, since alpha particles 
produce a high degree of ionization as they 
pass through soft tissue. Alpha particles are 
emitted from uranium, thorium, polonium, 
etc. 


Neutrons are electrically neutral particles 
emitted from high-voltage accelerators, 
atomic reactors, radium-beryllium sources, 
etc. Neutrons great penetrating 
power. Nonradioactive materials can be 
made radioactive by bombardment with 
neutrons. 


have 


Tonization.—The main damage caused by 
all types of radiation is the ionization of 
molecules of either organic or inorganic 
orgin. Normally molecules are electrically 
neutral. Some molecules are composed of 
ions that are bonded by electrostatic attrac- 
tion and others by covalent bonds. When 
such molecules are decomposed by radiation, 
electrically charged particles are formed 
which can recombine in a number of differ- 
ent ways to cause new molecules that may 
have toxic effects on normal tissues. 

Half-Life-—All radioactive atoms tend to 
decay or disintegrate into a series of differ- 
ent atoms that are usually radioactive and 
are known as daughter products. The end- 
products of such a disintegration series is 
a stable nonradioactive atom. All radioac- 
tive atoms have unstable nuclei and there- 
fore change from one kind of atom to 
another according to a definite behavior. 

As_ radioactive materials decay, their 
amount of radioactivity decreases. The time 
required for a radioactive material to lose 
50% of its original strength is known as 
its half-life, which is a different length of 
time for each radioisotope. Half-lives may 
vary from less than a second as in the case 
of boron” or fluorine*?, or it may be hun- 
dreds of years, such as approximately 1600 
years for radium or 5700 years for carbon". 
Radioactive decay is not a straight-line func- 
tion with time but is a logarithmic function, 
which means that the decay is rapid at first 
but becomes progressively slower and re- 
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tains some activity for a very long period 
of time. The decay process cannot be accel- 
erated or decelerated from its natural rate. 
Therefore burning these materials or treat- 
ing them chemically does not destroy their 
radioactive characteristics any faster than 
leaving them undisturbed. 


Exposures 


Radiation exposures may occur to the 
external body only or to internal tissue or 
both. Exposure from a point source such 
as from an x-ray unit, or a radium capsule, 
is an exposure to the outside of the body, 
but air containing radioactive dust or fume 
produces an internal exposure if breathed. 
Protection from direct radiation of an ex- 
ternal source is usually the only protection 
that is necessary if there are no radioactive 
particles or gas in the air to be breathed. 
However, where mists, dust, gases, and 
fumes containing radioactive material are 
created in the breathing atmosphere, great 
care needs to be taken so that they are not 
breathed; otherwise, a serious internal ex- 
posure hazard may occur. Materials that 
have long half-lives, such as strontium’, 
are particularly hazardous since their detri- 
mental effects will extend over many years. 
Alpha-emitting substances, having a long 
half-life, are equally hazardous when they 
enter the body by breathing or when they 
enter open cuts in the skin, since these dense 
particles are very strong ionizing agents. 
The seriousness of the internal hazard de- 
pends also on the location in the body where 
these materials are deposited and the length 
of time they remain in these places. Many 
alpha-emitting materials deposit in the bones 
and may produce bone cancer. 


Physical Examinations 


Every person should receive a preemploy- 
ment or preplacement physical examination 
before beginning significant work with radi- 
ation-producing equipment or radioactive 
materials. This physical examination should 
consist of at least a complete blood exam- 
ination, including a differential white count, 
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and a chest x-ray. Depending on the type 
of previous exposure to gamma or x-rays or 
nuetrons, a slit-lamp examination of the 
eyes by an experienced ophthalmologist 
may be desirable to determine the condition 
of the eye with respect to possible cataractal 
development. At least the eyes should be 
examined with an ophthalmoscope to detect 
any gross developments or unusual charac- 
teristics. 

Physical examinations are desirable at 
periodic intervals. The type and frequency 
depends on the nature of the radiation in- 
volved and the degree of exposure as de- 
termined by personnel monitoring devices 
and air-sampling equipment. Methods for 
determining a number of radioactive ele- 
ments in urine have been developed and are 
in current usage. It is well known that a 
person’s intake of many toxic or radioactive 
materials by ingestion or breathing can be 
evaluated in various degrees by measuring 
the excretion rates in the urine. 


During the preplacement or preemploy- 
ment examination it should be learned by 


the examining physician whether the person 
had previous significant radiation exposures. 
If so, it is well to obtain his radiation ex- 
posure record, which can usually be obtained 
by the medical director of the plant needing 
the information by contacting the medical 
director of the company from which the 
person came, assuming the prospective em- 
ployee agrees to the transfer of these ex- 
posure data. Such records should be kept 
in the individual’s personal file in the medi- 
cal department or personnel office. The 
information received could indicate that the 
person had a sufficient lifetime radiation 
exposure already or it may indicate a 
limited degree of exposure for him in the 
future. 


Monitoring 


To be certain of all potential personnel 
radiation exposure intensities, every radia- 
tion source should be monitored at the 
beginning of usage by an adequately trained 
person with appropriate instruments to de- 
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termine whether the source is properly 
shielded, ventilated, and handled safely. 
Each type of operation ought to be evaluated 
before and during the first stage of opera- 
tion. Corrective measures should then be 
immediately applied when necessary. 

If the radiation is in the form of x-rays 
or gamma rays for radiographic purposes, 
safe radiation distances from the source 
need to be determined and marked by 
barriers or by displaying of appropriate 
radiation signs, and in some cases audible 
signal systems might be provided. Addi- 
tional supervision may be necessary to be 
sure that persons remain at a safe distance 
from sources during the time that radiation 
is present. When there is any change in a 
condition the equipment or area should 
again be evaluated with appropriate meth- 
ods. 

If the radioactive materials are in the 
form of powders or solutions, care needs 
to be taken to prevent dusts or mists in 
the air where they may be breathed. If 
necessary, specific local exhaust ventilation 
or properly ventilated hoods having appro- 
priate filter media or other devices to ade- 
quately remove these particles from the air 
should be provided. 

When working with powders, solutions, 
or fumes, special smear tests or other ade- 
quate detection devices for indication of 
excessive surface area contamination need 
to be made. Bench tops, floors, walls, or 
any other surface containing suspected sur- 
face contamination should be periodically 
monitored. 

1. Instruments—The radiation rays or 
particles cannot be detected by any of the 
five physical senses, i. e., they cannot be 
seen, smelled, tasted, heard, or felt. There- 
fore, safe-handling methods are imperative, 
and only by use of specially designed instru- 
ments or of photographic films can their 
presence and intensity be determined. In- 
struments for radiation detection are delicate 
and need to be carefully handled. Specific 
instruments, such as various designs of 
ionization chambers, Geiger counters, elec- 
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trometers, used to detect the 
absence or presence of radioactive materials 
and their intensities. These instruments 
may be better selected after consultation 
with persons who have a broad understand- 


ing of and experience with such equipment. 


are 


In order to monitor any type of radiation 
correctly one should first know the complete 
nature of the radiation to be monitored: 
i. e., Whether it consists of alpha, beta, or 
gamma rays, neutrons, or x-rays, and what 
are their relative radiation energies. It is 
equally important to know whether the radi- 
ation needs to be evaluated from a breathing 
hazard point of view or only for external 
radiation exposure, or both. When this in- 
formation is known, appropriate instru- 
ments with proper sensitivities need to be 
chosen to be sure the evaluation will meas- 
ure correctly the actual intensities present. 
This is especially important for the lower 
energetic portions of a band spectrum of 
radiation, such as for low-energy x-ray 
radiation. This selection is sometimes not 
easy to make. Persons not sufficiently fa- 
miliar with the nature of the radiation 
problem might frequently select the wrong 
device to evaluate the condition. Such un- 
wise selections could obviously be very 
hazardous, especially when the intensity of 
the radiation present is much greater than 
the instrumentation indicates. Using in- 
struments correctly involves more than turn- 
ing dials and reading meters. The user 
needs to know the characteristics of the 
various devices used for measuring radiation 
intensities to an even greater extent than 
is necessary for some other types of indus- 
trial hygiene problems. 

2. Surface Contamination —When work- 
ing with powdered or liquid radioactive 
materials, preventive measures should be 
used as extensively as practical to protect 
potentially contaminated surfaces with easily 
removable coating such as a good grade of 
absorbent paper or various approved types 
of strippable coatings which can be burned, 
or the use of smooth unabsorbing surfaces 
that can be easily decontaminated. Metal 
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pans are frequently desirable to protect sur- 
face areas from contamination by radioac- 
tive liquids in case of spillage. By removing 
the absorbent paper or coatings the contam- 
ination may be easily removed and_ the 
coverings burned to ashes for burial at an 
approved location. 

Special paints with good wearing charac- 
teristics, such as certain epoxy resins, are 
desirable for use on concrete floors to give 
them a smooth surface for easy cleaning 
and less dirt retention. These treated sur- 
faces permit much easier removal of floor 
contamination than if the floor were rough 
and absorbent. The use of a cheap grade of 
smooth-surface linoleum for laboratory 
floors is frequently desirable. If such floor 
coverings become contaminated to the extent 
that they are difficult to clean, the contami- 
nated part can be replaced with new mate- 
rial without excessive expense. The walls 
should also have smooth and unabsorbing 
coverings or a durable and smooth painted 
surface that permits easy cleaning. 

Smear sample tests and other surface 
contamination detection tests should be made 
periodically on any surface suspected of 
excessive contamination. Such measure- 
ments will act as a guide for the amount 
of decontamination required. 

3. Air Samples—In order to determine 
safe breathing conditions where powdered 
materials, fumes, mists, etc., are used, air 
samples need to be collected and analyzed 
for radioactivity. Recognized maximum 
allowable concentrations should not be ex- 
ceeded. Air samples in working environ- 
ments should be taken during the time the 
operation is performed for the first time 
so that adequate protection can be provided 
immediately, if necessary. Periodic sam- 
pling should be done at sufficiently frequent 
intervals to maintain safe breathing condi- 
tions. 

Each use of unencapsulated radioactive 
material should be reviewed for the prob- 
able need for ventilation when the operation 
is being planned. Either periodic or con- 
tinuous air samples should be collected from 
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air in exhaust ventilation systems as well as 
in work areas. Special air-sampling devices 
and evaluation equipment are necessary. 

4. Soil—Where radioactive dusts, etc., 
are controlled by local exhaust ventilation 
systems with appropriate filters, the ex- 
hausted air should be periodically, and for 
the more hazardous radioactive materials, 
constantly monitored with special sampling 
devices after the air passes through the filter 
or collector to the outside of the building. 
In some cases it may be desirable to have 
soil analyses made for appropriate radio- 
active contaminants before the use of the 
radioactive material begins and at reasonable 
periodic intervals thereafter. Vegetation 
analyses may also be of value. An impor- 
tant consideration is to be sure the analytical 
methods for these evaluations are valid. 

5. Personnel Monitoring.—It is usually 
desirable for each person working with radi- 
ation or radioactive materials to wear film 
badges where the radiation is energetic 
enough to penetrate the paper wrapping 
around special photographic films construc- 
ted for this purpose. Photographic films in 
special badges form a permanent record of 
the radiation received by the persons wear- 
ing them. This service may preferably be 
provided by the industrial hygiene labora- 
tory of the company, if a large number of 
films are used, so that adequate and con- 
trolled conditions of identification, develop- 
ment, and evaluation of the films can be 
made. Construction of special badge filters 
for specific applications can usually be done 
best in such facilities when needed. Obser- 
vation of each person’s film badge may 
indicate very valuable information about the 
proper use of the badge as well as the 
degree of radiation exposure. 

Each person’s film badge should be iden- 
tified in some way, such as by a designated 
number that is x-rayed on the film at some 
time before development. It is also well 
to mark the films with the beginning and 
termination dates of exposure on each per- 
son’s film with x-rays. Such data can be 
placed along the sides of the film. 
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Exposures beyond a predetermined value 
should be reported as soon as practical to 
the person’s supervisor or person in charge 
of radiation protection in the plant and 
corrective procedures made effective imme- 
diately. 

A constant record of accumulated radia- 
tion exposure should be kept for each person 
in order to prevent overexposure for certain 
intervals of time or even a lifetime dose. 
It is also desirable to preserve indefinitely 
all monitoring films in a fireproof location. 

In some cases pencil electrometers, in 
addition to film badges which may be con- 
sidered basic measuring devices, are worn 
where there is reason to believe that the 
person may be exposed to excessive doses of 
radiant energy before the end of the work 
period or period of film badge exchange. 
In such cases the pencil electrometer can be 
read by pointing it toward a light source to 
determine when the weekly tolerance of 
radiation has been received. This tolerance 
or maximum permissible dose may be re- 
ceived in a few days, one day, or even in 
a few hours or less, depending on the in- 
tensity of the radiation field. These film 
badges and pencil electrometers or pencil 
meters should be worn together on the per- 
son’s clothing at a position where the maxi- 
mum radiation exposure is likely to occur. 
The person in charge of radiation protec- 
tion in the plant needs to have each person 
carefully instructed in this respect and to 
insist that they are wearing their personnel 
monitoring devices where they measure the 
person’s greatest radiation exposure. Per- 
manent records should be made of all per- 
sonnel exposures. 

Where significant exposures may occur, 
visitors to a radiation area should also be 
monitored. Such personnel monitoring is 
best done by the use of pencil electrometers 
and film badges may also be desirable. 
Radiation exposure records are also neces- 
sary for these persons. 

A personnel monitoring system is only 
as good as its effectiveness for correctly 
measuring the exposure of the persons in- 
volved. Correct usage of these devices is 
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very important; therefore, each radiation 
supervisor needs to be certain film badges 
and pencil meters are worn at all times 
when persons may have potential radiation 
exposure and measurements made at the 
most appropriate positions on the person 
where the maximum radiation exposures 
may occur. 


Personnel Protection 


When working with encapsulated radio- 
active or radiation-producing sources such 
as those used in radiography or other usage, 
the safe working distance should be deter- 
mined by instrumentation and calculations 
so the safe distances from the source can 
be marked with proper radiation signs lo- 
cated to warn both the persons working 
with radiation material and the persons not 
directly associated with the project. 

Encapsulated sources should be tested and 
monitored periodically for possible leakage 
of radioactive contents. If persons are 
working with unencapsulated materials that 
can produce dusts, mists, fumes, ete., local 
exhaust ventilation should be provided to 
remove radioactive materials the 
breathing zone. When such ventilation is 
not completely satisfactory in some in- 
stances, adequate respiratory protection is 
necessary in addition to provision of ventila- 
tion. Even when a partial-face respirator is 
worn for protection under certain condi- 
tions it is desirable to use a high-efficiency 
filter medium in the respirator. As yet, the 
Bureau of Mines does not have a test sched- 
ule for radioactive materials but such a 
schedule is highly desirable and is being 
given attention. Self-contained breathing 
equipment such as full-face masks supplied 
with compressed air or oxygen-generating 
chemicals should be provided for conditions 
other than low-level contaminated air and 
for highly radioactive materials with long 
half-lives in the air. 


It is usually desirable to wear imperme- 
able gloves to prevent as much skin contact 
with radioactive materials as is practical. 
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Laboratory technicians should be pro- 
vided with regular laboratory coats to 
protect their personal clothing from contam- 
ination, but persons working with powdered 
radioactive materials in manufacturing areas 
should replace their personal clothing with 
supplied clothing and coveralls which re- 
main in the plant. The footwear may be 
safety shoes or other suitable foot cover- 
ings. Showers and separate lockers for 
street clothes and for work clothing should 
be provided for such conditions. 


All clothing contaminated with radioac- 
tive material should be laundered in equip- 
ment used only for this purpose and such 
contaminated clothing should not be sent 
to a public laundry. 

After working with unencapsulated ma- 
terials the hands should be thoroughly 
washed with warm water and powdered 
hand soap that is not potentially irritating 
and that has excellent rinseability to be sure 
contamination is completely removed from 
the skin. Other more drastic cleaning ma- 
terials may need to be used occasionally. 

Radioactive materials should not be per- 
mitted to enter an open cut in the skin. 
If such material is suspected in an open 
skin cut, the medical department ought to 
be equipped to thoroughly cleanse the 
wound, and the person should not be per- 
mitted to work with radioactive material 
until the wound is sufficiently healed or is 
properly protected. 


Maximum Permissible Concentrations 


Maximum permissible concentrations for 
radioactive materials in the breathing at- 
mosphere, and for waste disposal products, 
such as contaminated water and exhaust 
from ventilation systems, etc., should not be 
exceeded. External radiation exposure 
should be held within permissible limits. 
The Atomic Energy Commission has issued 
a federal regulation, CFR-10, Part 20, 
Standards for Protection Against Radia- 
tion, to be used by licencees of the AEC. 
A number of states, including Pennsylvania, 
New York, California, and Texas, presently 
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have enforceable radiation codes also. About 
nine other states require registration of 
radiation sources and about 20 states have 
established code study committees. 

The handbooks on radiation from the 
National Bureau of Standards should be 
used as guides for protection purposes. 
Some of these publications are Handbook 
No. 52, “Maximum Permissible Amounts of 
Radioisotopes in the Human Body and 
Maximum Permissible Concentrations in 
Air and Water,” and Handbook No. 59. 
“Permissible Dose from External Sources 
of Ionizing Radiation.” Handbook No. 60, 
“X-Ray Protection,” and Handbook No. 50, 
“X-Ray Protection Design,” are commonly 
used by the industrial hygiene engineer for 
radiation protection. 

The American Standards Association 
Code Z54 for X-Ray Protection is present- 
ly being revised and will be much more 
comprehensive in its revised form to in- 
clude information for the safe usage of 
beta ray sources as well as other pertinent 
regulations. 


Shielding 


All personnel must be protected from 
excessive radiation exposure. Primary radi- 
ation from x-ray sources, gamma rays, or 
beams of radiation from any other source 
can be considered to travel in straight lines. 
Shields can be erected accordingly. The 
intensity of radiation from a source in air 
decreases according to the square of the 
distance from the source, i. e., at a distance 
of 2 ft. from a source the intensity is only 
one-fourth the intensity at a distance of 1 
ft. from the source. Scattered radiation 
from the objects receiving the primary radi- 
ation is frequently a health hazard and it 
should be evaluated. 

Direct external radiation from alpha rays 
is insignificant, 

deta rays have variable degrees of en- 
ergy. Frequently sheets of plastic or alu- 
minum are good shields, but the energy of 
the beta particles should be known before 
adequate shielding can be determined. This 
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information is available from special charts 
and tables. 

Neutron beams are best shielded by 
water, paraffin, and other hydrogenous sub- 
stances. Likewise, the energy of the par- 
ticles needs to be known before proper 
thickness of these shields can be calculated 
or determined from graphs of shielding 
data. 

X-ray and gamma rays are very much 
more penetrating than beta rays and usually 
require dense materials for reducing their 
intensities. Such materials as lead, concrete, 
iron, etc., are commonly used. 


Waste Disposal 


All waste radioactive materials should be 
divided into at least three classes, and con- 
tainers should be provided that will not 
permit contaminated material to escape and 
cause further contamination. All containers 
should be labeled as either (a) flammable 
radioactive solids, (b) nonflammable radio- 
active solids, or (c¢) radioactive liquids. 
Flammable radioactive contaminated solids 
may be burned in approved incinerator 
equipment under controlled conditions. The 
ashes from such burning operations should 
be collected in containers for disposal to 
approved burial areas or burial at sea by 
Atomic Energy Commission approved com- 
mercial disposal agencies. 

Nonflammable contaminated solids that 
cannot be practically decontaminated may 
be packaged according to specified directions 
for disposal by a commercial agency. 

Contaminated liquids, if flammable, may 
be burned under similar conditions as for 
Hammable solids. 

The degree of contamination of nonflam- 
mable liquids should be determined by evap- 
orating an appropriate quantity of the 
material and measuring the resulting radio- 
activity in a radiation detector for such 
purposes. From this information it can be 
determined whether the liquid may be di- 
luted economically with water to meet the 
recognized code limits for safe disposal 
into the sewer, stream, ete., or whether the 
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liquid should be held for sufficient radio- 
active decay so that dilution with water for 
safe disposal can be made at some practical 
future date, or the material disposed of by 
some other approved means. 

All contaminated materials 
should be sheltered or placed in containers 
so that contamination does not leach off into 
the ground and cause it to be contaminated. 
Some disposal stations for private industry 
are Oak Ridge National Laboratory for iso- 
tope users, and several AEC-approved com- 
mercial disposal services. 


radioactive 


Labels 


All containers of radioactive material and 
areas where it is being handled or processed 
should be appropriately labeled with signs 
bearing the radiation magenta insigne with 
appropriate wording. 


Ventilation 


General ventilation should cause air to 
move from nonradioactive areas to radioac- 
tive areas and air from areas having low 
levels of activity to move towards areas of 
higher activity. That is, radioactive areas 
should be under negative pressure. 

Local exhaust ventilation needs to be 
provided wherever radioactive materials may 
be produced as dust, mists, vapors, or fumes 
in potentially hazardous concentrations in 
the breathing atmosphere. 

The face velocity for chemical hoods and 
openings into dry boxes, etc., should be at 
least 100 ft. per minute. The face velocity 
for other local exhaust ventilation equip- 
ment should be as much greater as is neces- 
sary to completely capture any radioactive 
particles or gases that are created in the 
atmosphere and that may otherwise be 
breathed by workmen. 

Ventilation equipment should have filter 
media in the exhaust stream to reduce the 
contamination to recognized safe limits. 
This exhaust should usually go to the out- 
side of the building and well above the roof 
in order to prevent contaminated exhaust 
air from reentering the building. If for 
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any reason the exhaust from an operation 
handling moderately dangerous radioactive 
material needs to be returned to the work 
area, microfilters should be used as the final 
filter. The exhaust from equipment having 
highly dangerous radioactive material should 
always go to the outside of the building 
and finally through microfilters with the 
highest degree of filter efficiency available. 

Monitoring of the exhaust air from local 
exhaust systems is desirable. For highly 
hazardous materials this monitoring should 
be constantly in operation. For other con- 
ditions periodic sampling may be satisfac- 
tory. 

It is desirable to pass air or gases con- 
taining radioactive material down through 
filter media instead of up, so that the possi- 
bility of radioactive material falling off 
the filter and contaminating other surfaces 
is reduced to a minimum. 

When choosing centrifugal fans for ven- 
tilation systems, care should be taken to be 
sure they will maintain the required air flow 
for the life of the filter. The period of 
time for usage of a filter may be conveni- 
ently chosen to terminate when the resist- 
ance through the filter has become twice the 
resistance of the clean filter, provided the 
fan capacity is capable of satisfactory ven- 
tilation rates during this interval of time. 
A manometer placed across the filter is one 
means for determining when filters should 


be changed. 


Decontamination 


Every effort should be made to prevent 
the spread of radioactive contamination 
since the process of decontamination is usu- 
ally very slow and expensive. Special tech- 
niques need to be followed for cleaning 
contaminated surfaces in order to prevent 
the spread of contamination to other sur- 
faces and to make an original condition 
worse. 

If expensive surface materials or surfaces 
difficult to remove become contaminated, 
water solutions of synthetic detergent clean- 
ers, rather than common soap, and absorbent 
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cloths should be used to prevent formation 
of tenacious radioactive precipitates. The 
common back-and-forth movement of cloths 
made wet with these detergents should be 
highly discouraged since such a method may 
spread the contamination further. Instead, 
a clean cloth surface made wet with a syn- 
thetic detergent should usually be used for 
each single direction movement of the clean- 
ing cloth. Appropriate solvents for the con- 
taminant should always be used. In some 
instances stronger materials than water solu- 
tions of synthetic detergents may be needed, 
and materials as nitric or citric acids, which 
form water-soluble products. 

Removal of radioactive particles from the 
floor and other surfaces may also be done 
safely if the exhaust from the vacuum 
cleaning unit passes through an approved 
microfilter before being returned to the 
room air again, in order to prevent the 
creation of a breathing hazard. Vacuum 
cleaning units using water as the dust col- 
lector media are usually not sufficient with- 
out microfilters on their exhaust also. In 
many instances the contaminated water 
would be more of a problem for disposal 
than a flammable filter. 


Storage 


When radioactive material is not in use 
it should be stored in a specific room or 
vault or other special storage facility. This 
storage area should be fire and flood proof 
and ought to be kept locked, with only 
certain responsible people having keys. The 
shipping containers for radioactive mate- 
rials are usually good storage units but 
these units ought to be placed in the locked 
storage area also when not in use. Metal 
pipes sunk into the ground with easily re- 
moved lead caps frequently make good stor- 
age units. These pipes should extend about 
a foot above the surrounding floor surface. 
Concrete floors in various thicknesses act 
as additional shielding. Thought needs to 
be given beforehand to the method for re- 
moval of the radiation source from the 
bottom of such a storage unit in case the 
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suspending wire or chain breaks. A log 
record needs to be kept for materials being 
checked in and eut of the area. The storage 
area should be labeled so that everyone will 
recognize it as containing radioactive ma- 
terials, but labels should not be used that 
create too much curiosity. 


Fire Extinguishers and Fire Control 


Ordinary fire extinguishers are not satis- 
factory for extinguishing burning pyro- 
phoric material such as uranium, thorium, 
zirconium, etc. Readily available extinguish- 
ing agents, such as G-1 powder in open 
containers equipped with a small scoop, are 
more desirable and practical materials. 

As much flammable material as possible 
should be removed from areas where radio- 
active materials are used. Instead of 
benches, hoods, etc., constructed from 


flammable materials, as much nonflammable 
material as practical should be used. If 
active material can be placed in fire-resistant 
containers or fireproof areas during the 
night or when not in use, a catastrophe may 


be prevented. Areas where radioactive ma- 
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terials are used should be fully reviewed 
with respect to the degree of contamination 
that might result from fires and the actions 
of firemen coming into the area. Remem- 
ber, a fireman’s first objective is to put out 
the fire, and containers of active material 
may be overturned or broken, with exten- 
sive contamination resulting. 

More and more, local city or town fire 
departments can be expected to disregard 
security regulations if the industrial fire 
department is suspected of being too weak 
to guarantee safety of surrounding prop- 
erty in case a severe fire develops. Then, 
too, in some localities the local fire depart- 
ment is the only fire protection available, 
and it should be made acquainted with the 
radioactive material in the area, the nature 
of the material and the precautions involved 
for fighting such a fire. 

Proper respiratory equipment, such as 
self-contained breathing equipment, should 
be provided for all persons before they 
enter areas containing radioactive materials 
in the breathing atmosphere. 


Westinghouse Electric Corporation. 


555 


Air Force Problems in Toxicology 


GEORGE KITZES, Ph.D., Wright-Patterson Air Force Base, Ohio 


Aviation toxicology has grown exceed- 
ingly important to the Air Force in the past 
few years. With the design and develop- 
ment of new type, high-speed aircraft and 
new turbo-jet engines requiring highly spe- 
cialized chemicals and chemical formula- 
tions necessary for their fabrication and 
operation, the problems of aviation toxi- 
cology have increased many fold. These 
problems concern fuels, propellants, hy- 
draulic fluids, lubricants, fire-extinguishing 
agents, and the combustion and decomposi- 
tion products of these various chemical ma- 
terials. Exposures to toxic substances are 
encountered both in flight (Table 1) and in 


Taste 1.—Material Capable of Producing Toxic 
Atmospheric Contamination in Flight 


. Electrical equipment (thermal decomposition products) 

Fire extinguishing agents and thermal decomposition prod- 
ucts 

. Fuels and propellants and TDP * 

Hydraulic fluids and TDP * 

Engine oils and TDP * 

Refrigerants 

De-icing fluids 

. Chemical freight 


* Thermal decomposition products. 


ground operations (Table 2); however, the 
potential hazards of toxic gases in the air- 
plane as compared with the hazards on the 
ground depend on factors such as altitude, 
duration and intensity of exposure, confine- 
ment to small areas, and lastly, the rela- 
tive critical area of mild intoxication. 
Because of recent advances in Air Force 
technology, new chemical materials and 
formulations have been developed for which 
little or no toxicity information is avail- 
able. Frequently, the health hazard of a 
commonly used chemical material is recog- 
nized only after the flight surgeon’s reports 
have indicated a correlation between the 
symptoms of Air Force personnel on sick 
call and the employment of this material. 
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There are many chemicals that have been 
used for years possessing a high toxicity 
potential, but fortunately their use had been 
confined to open and well-ventilated areas. 
The critical nature of these materials is 
fully realized when their use is restricted to 
small areas, as in aircraft cabins; and to- 
day, we find that carbon tetrachloride and 
methyl bromide are no longer employed as 
fire extinguishants in aircraft, and caution 
has been advised for the use of carbon di- 
oxide. 

The immediate operational problems in 
aviation toxicology are handled by the flight 
surgeons, preventive medical officers and 
engineers in the medical service. The Air 
Materiel Command, through well-qualified 
industrial hygiene engineers placed in cer- 
tain geographic areas of the United States, 
not only take care of the toxicological and 
industrial health problems in the large 
maintenance depots of its Command, but 
are available to other major Air Force Com- 
mands if problems in their province should 
require expert advice. On the other hand, 
any requirement for toxicological research 
is normally carried out by the Air Research 
and Development Command, either as in- 
house effort or by contract with the many 
capable commercial or academic organiza- 
tions. 


TABLE 2.—Ground Operations Capable of 
Producing Toxic Exposures 
to Personnel 


. Fuel handling 

Degreasing operations 

Engine overhaul 

. Plating operations 

. Welding operations 

Handling of fire extinguishants 

. Aircraft cleaning and paint removing 
. Painting and doping 

. Handling hydraulic fluids 

. Handling lubricants 

. Handling propellants and oxidizing agents 
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TABLE 3.—Toxicity Data on Fuels and Propellants 


Threshold 


Material 


Aviation gasoline 

Jet fuels (JP-4)_.-- 

Ethyl alcohol 

Methy! alcohol 

Ammonia (anhydrous) 
Hydrazine 

Hydrogen peroxide (90%) fa 


* American Conference of Governmental Industrial Hygien- 
Sts, 1956. 


Problem Areas 


The problems encountered in aviation 
toxicology are similar, for the greater part, 
to those found in industry. Those that are 
different in scope and approach, however, 
are unique to the special environment, the 
manned flying vehicle. Notwithstanding, 
the problems encountered in civil aviation 
are nearly the same as those in military 
aviation. The major differences are due to 
the mission or objective of the Air Force 
and the type of operation. In both in- 
stances, prime consideration is given to the 
toxicology of materials to which air crews 
or passengers may be exposed and their 
capability of causing aircraft accidents. 

Consideration of the health hazards of 
the various ground operations in the Air 
Force places a profound and world-wide 
burden and responsibility on the Medical 
Services. Continuous effort and close co- 
ordination among the flight surgeon, pre- 
ventive medical officer, engineer, and ground 
safety officer are required in order to safe- 
guard the worker’s health. Table 2 presents 
a partial list of ground operations capable 
of producing toxic effects on personnel. 
Proper working conditions and safe en- 
vironments for ground personnel are essen- 
tial. Needless to say, exposure to noxious 
materials may result in poor maintenence, 
which could indirectly be the cause of air- 
craft accidents. 

Fuel Handling.—Fuel handling is first on 
the list, and rightly so. The health hazards 
and control measures associated with fuel- 
handling operations are becoming more com- 
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plicated and demanding because of the 
variety and nature of the fuels being used. 
In addition to the conventional type re- 
ciprocating engine, there are the turbo and 
ram jet engine, and the rocket type motor, 
all of which require different types of fuel. 
If we may draw a parallel between the de- 
velopment of aircraft engines and fuels, it is 
apparent from reviewing Table 3 that, as 
the propulsion device or engine becomes 
more complex, the fuels themselves become 
unique or complex, and their toxicity in- 
creases greatly. Undoubtedly, as we cross 
over the threshold into the era of space 
flight with either manned or unmanned ve- 
hicles, there will be a manifold increase in 
health hazard problems due to exposure of 
ground and maintenance personnel to 
highly toxic chemicals. Since, most of the 
other Air Force ground operations are simi- 
lar to a large degree to industrial operations, 
it is not necessary to linger in further dis- 
cussion in this area. 

Keeping the Crew Compartments Free of 
Contaminants.—The importance of prevent- 


TABLE 4.—Thermal Decomposition Products from 
Chemical Materials 


Thermal Deco: 
Material Products 


Electrical Equipment 


Insulation 
(a) varnishes 
(b) plastics 
(ce) rubber 
(d) fabrics 


Selenium Rectifiers 


carbon dioxide, halogens 
carbon monoxide, ozone 
aldehydes 

plastic fumes 


selenium, hydrogen selenide 
selenium oxides, organic selenides 


Fire Extinguishing Agents 


Carbon tetrachloride hydrogen chloride, chlorine, phos- 
gene 


Chlorobromomethane 
Methyl bromide 


hydrogen bromide, bromine 
carbony! bromide 
Fuels and Propellants 


Aviation gasoline aromatic hydrocarbons, aliphatic 
hydrocarbons, sulfur, carbon 
monoxide, carbon dioxide, lead, 
aldehydes 


Jet fuels 
Rocket propellants 


same as above except for lead 


oxides of nitrogen, phosphorus, 
sulfur, carbon monoxide, carbon 
dioxide 


Engine oil 


carbon dioxide, ald 
(natural and synthetic) lehydes, organ 


ie acids, oxidants, carbon mo- 
noxide 


Hydraulic fluids 


carbon monoxide, carbon dioxide, 
aldehydes, volatile organics 
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Limit 

Value * 

Ppm 

500 

500 

1000 

200 

100 

5 

1 

1 

0.1 

0.01-0.05 

= 


ing toxic vapors, gases, smoke, or other 
particulate matter, and obnoxious odors 
from entering the crew compartment of 
high-performance aircraft cannot be over- 
stressed. As in the submarine, hundreds of 
feet under water, the crew compartment of 
an aircraft is an area from which an indi- 
vidual is not free to escape or even retire 
from its interior with any hope of reentry. 
Escape is abandonment of the aircraft with 
its subsequent loss, which is militarily and 
economically undesirable, considering the 
cost of modern jet aircraft. Short of es- 
cape is abortion of mission, which again is 
militarily unacceptable. Consequently, it is 
mandatory that the cabin or crew compart- 
ment air be free of toxic material or of all 
substances deemed intolerable to pilot or 
crew personnel. An odor intensity that may 
be acceptable on the ground may be highly 
objectionable to the pilot of a high-speed, 
high-performance aircraft. Moreover, low- 
ered barometric pressure and decreased oxy- 
gen tension at altitude may make the 
concentration of certain gases sufficiently 
hazardous to impair the faculties of the 
crew, whereas the same concentration would 
be of little consequence on the ground. 
New Toxic Hazards from Thermal De- 
composition—In the Air Force, the toxic 
effects of the material itself is important, 
but not more so than its thermal decomposi- 
tion products which may be several more 
times toxic. As shown in Table 2 and Table 
4, many of the materials capable of pro- 
ducing toxic atmospheric contamination in 
aircraft during flight are either inert or rela- 
tively nontoxic before exposure to high 
temperatures. In addition to the fact that 
aircraft are still combustion machines, there 
are other potential sources of high tempera- 
tures. It has been reported that more than 
50% of the incidents of smoke and fumes 
in the cabin or crew compartment of com- 
mercial aircraft was due to failures in elec- 
trical and electronic equipment. The smoke, 
fumes, or gases that result from thermal 
decomposition need not of themselves con- 
stitute a health hazard, either because of low 
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concentration or low inherent toxicity, but, 
when intolerably annoying and disagreeable, 
the well-being and efficiency of the individ- 
ual may be affected. With regard to the 
hazards to flying personnel, no materials 
can be tolerated in the breathing air of 
persons who are responsible for the opera- 
tion of complex and costly equipment which 
would interfere in any way with the effi- 
ciency of operation and performance. The 
materials resulting from thermal decompo- 
sition can be detrimental to the health of 
crew personnel if their concentrations are 
high and the duration of exposure long ; 
nevertheless, even minimum effects, such as 
eye and nasal irritation, are intolerable. 
This concept is not new, and is similar to 
that adopted by H. F. Johnstone in his 
definition of air pollution as applied to in- 
dustrialized and urbanized communities. He 
defines it as the excessive concentration of 
foreign matter in the air which adversely 
affects the well-being of the individual or 
causes damage to property. Maintaining 
the well-being of pilot and crew personnel 
at an optimum level is embodied in Air 
Force “flight safety” policy. 

Health hazards need not be demonstrated 
to establish the need for corrective or con- 
trol measures, and it is the role of the 
aviation toxicologist to determine whether 
a true toxicologic problem exists. The sig- 
nificance of this role is best illustrated by a 
relatively recent study of the contamina- 
tion of cabin air of test jet aircraft with 
engine oil. The Air Force became cognizant 
of this problem when test pilots complained 
of obnoxious odors, eye and nasal irrita- 
tion, and headache associated with the pres- 
ence of smoke in the aircraft cabin during 
flight operations. Preliminary investigations 
revealed that the smoke, including fumes 
and gases, was a result of the thermal de- 
composition of engine oil which had leaked 
into the compressor of the gas turbine en- 
gine. Figure 1 is a graphic presentation of 
a cross section of a turbo-jet engine. In 
turbo-jet and turbo-prop engines, compres- 
sion of the intake air is necessary to provide 
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Fig. 1—Cross section of turbo-jet engine. (Re- 
produced with permission from the Journal of 
Aviation Medicine 27 :53 [Feb.] 1956.) 


for efficient combustion of the fuel. In ad- 
dition to this function, air is bled from the 
compressor to satisfy other requirements, 
two of which are pressurization and air 
conditioning of the cabin. Moreover, the 
temperature of the air will vary with the 
stages of the compressor from which it is 
bled. Consequently, engine oil which has 
leaked through a bearing seal may be sub- 
jected to varying temperatures (200-700 IF) 
and pressures. Temperatures sufficiently 
high will pyrolize the oil, resulting in chemi- 
cal substances which contaminate the air 
entering the cabin. Chemical analyses of 
these pyrolysis products had been success- 
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ful only in identifying classes of chemical 
materials and included aldehydes, keto- 
acids, and peroxides. Engine tests and other 
reports revealed that the production of 
smoke and chemical irritants was variable 
and unpredictable. In some instances, smoke 
appeared in the cabin without eye irritation 
being effected. The presence of an ob- 
noxious odor was almost always reported. 

Toxicological Properties Must Be Stud- 
ied.—Because of the increased performance 
characteristics of new jet aircraft, the re- 
quirements in the gas turbine engine have 
also increased. Consequently, temperatures 
have risen in the compressor section of the 
engine, and engine oils were developed to 
meet these new demands. These oils, how- 
ever, were compounded of several complex 
synthetic organic chemical materials. The 
contamination of the bleed air with these 
new type engine oils and their thermal de- 
composition products called for an imme- 
diate and extensive study of their toxicologic 
properties. As a result, it was found that 
on the basis of animal experimentation, the 
engine oil could be classified as practically 
nontoxic when in contact with skin or eyes. 
Prolonged and continuous contact with the 
skin did effect some cutaneous damage. 
Moreover, inhalation of mists of either the 
formulation or its chief components, gen- 
erated at room temperature, were tolerated 
by all animals subjected to moderate con- 
centrations (1.0 mg. per liter); however, 
fatalities occurred among some animals ex- 
posed for only seven hours to the fog re- 
sulting from heating this concentration of 
the oil to the temperature of 700 F (Table 
5). Moreover, as seen in Table 6, the 
toxic effects on animals were found to be 
dependent on the rate of decomposition of 
the material and the time of exposure. Al- 
most all animals survived an exposure of 
two hours to the fog formed by dropping 
56-60 mg. of the engine oil per minute into 
an Inconel tube furnace, heated to 700 F, 
through which air was passing at the rate 
of 31.8 liters per minute. The incidence of 
mortality among the test animals increased 
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TaBLe 5.—Comparison of the Toxicity of Mists Generated by Aspiration at Room 
Temperature and of the Fog Formed in Inconel Furnace at 700 F (371 C) 
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Concentration of 
Di-2-Ethylhexy! 
Sebacate Mg./L 


1.14 


Material 


Temperature 


Formulation 
Di-2-ethylhexy! 
sebacate 


Room 


Room 0.40 * 


Formulation 700 F 0.95 t 
Di-2-ethylhexy! 
sebacate 700 F 0.94 ¢ 


Duration of 


Exposure 
Hours 


10X7 


No. of Fatalities/No. of Animals Exposed 
Cats Rabbits Rats 
0/2 0/2 


Guinea Pigs 


10X7 v1 0/2 0/2 0/2 


7 as 0/2 2/3 3/4 


7 es 0/2 2/4 3/4 


* Found by analysis of sample collected from chamber. 


with concomitant increase in the rate of 
decomposition. 

The temperature of decomposition was 
found to be critical as seen in Table 7. 
The fog formed at 900 F was slightly more 
toxic than that formed at 700 F, whereas 
that formed at 600 F differed little in toxic- 
ity from that formed at 700 F. When the 
furnace was maintained at 550 or 400 F, 
however, no fatalities occurred. Analysis 
of the fogs demonstrated an increase in 
total aldehyde content with the increase in 
temperature. It was evident, however, that 
the critical temperature was approximately 
550 F (Fig. 2), at which temperature 
thermal decomposition proceeded more rap- 
idly and/or more completely, resulting in 


TABLE 6.—Comparison of the Toxicity SA Fogs 
Formed in Inconel Furnace Heated to 700 F 
(371 C) from Di-2-Ethylhexyl Sebacate 

and Engine Oil 


No. of Fatalities/ 


Rate of Duration No. of Animals Exposed 
of 


Mg./ Exposure Guinea 
Material Min.* ours Pigs Rabbits Rats 
DEHS ¢ 223 2 2/2 3/3 4/4 
E. 0. 207 2 0/2 2/2 2/2 
DEHS 121 2 1/2 4/4 2/4 
E. 0. 129 2 0/2 3/3 2/2 
PDEHS 2 0/2 0/4 1/4 
E. O. 60 2 0/2 0/3 0/4 
DEHS 61 7 1/2 3/4 4/4 
E. O. 61 7 1/2 3/3 4/4 
DEHS 37 7 0/2 2/4 4/4 
E. O. 43 7 0/2 3/3 4/4 
DEHS 20 7 0/2 0/4 1/4 
E. O. 20 7 0/2 0/3 1/4 
DEHS 74 24 0/2 0/4 0/4 
E. O. 7.4 24 0/2 0/2 0/4 


(After table by J. F. Treon, reprinted with permission from 
the Journal of Aviation Medicine 27153, [Feb.] 1956.) 

* Rate of air flow through furnace was 31.8 L/Min. 

+t DEHS-di-2-ethylhexy] sebacate. 

} E. O.-engine oil formulation. 
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(After table by J. F. Treon, reprinted with permission from the Journal of Aviation Medicine 27:53 (Feb.} 1956.) 


+ Rate of dropping liquid into furnace divided by rate of air flow (31.8 L. per min.) through furnace. 


the toxic materials responsible for the 
greater incidence of mortality among the 
test animals. Subsequently, analyses of 
bleed air samples obtained from in-flight and 
static engine tests revealed that the con- 
centration of the contaminants did not ap- 
proach those that produced definite toxic 
reactions in test animals, but were present 
in high enough concentration to cause eye 
tearing, nasal irritation, and objectionable 


odors. 


Tae_e 7.—The Relationship of Temperature to the 
Toxicity of the Thermal Decomposition 
Products of Di-2-Ethylhexyl Sebacate 


No. of Animals That Died/ 
Rate of Duration No. of Animals Exposed 


Furnace Delivery of 


Tempera- Mg./ Exposure Guinea 
ture, F Min. ours Pigs Rabbits Rats 
900 82 2.0 1/2 3/4 2/4 
700 85 2.0 1/2 3/4 0/4 
700 fil 70 1/2 3/4 4/4 
70 
7.0 
50 42 7.0 0/2 0/4 0/4 
400 36 7.0 0/2 0/4 o/4 


(After table by J. F. Treon, reprinted i from 


the Journal of Abiation Medicine 27:53 [Feb 
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Fig. 2.—Carbonyl production vs. 


air tempera- 
ture. (R 
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AIR FORCE PROBLEMS IN TOXICOLOGY 


Thus, it was shown through a systematic 
and thorough investigation, that the chemical 
materials resulting from the thermal de- 
composition of engine oils in the jet en- 
gine were not “toxic” at those concentrations 
found in the cabin air of operational air- 
craft, and consequently did not constitute 
a health hazard. On the other hand, since 
this condition was found to be intolerable, 
with reported eye and nasal irritation, nau- 
sea, and headache, a “flight safety” hazard 
existed which could be regarded only as 
unacceptable in view of the safety of crew 
personnel. 


In-Flight Threshold Limit Values 


The above example of a typical indus- 
trial hygiene situation encountered in the 
Air Force illustrates again the problems that 
arise in attempts to arrive at a realistic toxic- 
free or threshold limit value for chemical 
materials. The Committee on Threshold 
Limits of the American Conference of Gov- 
ernmental Industrial Hygienists bravely at- 
tacks this problem annually, and revisions 
are made in accordance with new informa- 
tion and additional industrial experiences. 
Moreover, as emphasized by Dr. H. E. 
Stokinger, member of this Committee, the 
health of the individual is not the only 
major criterion used in the selection of the 
proper limiting air concentration of an in- 
jurious agent, but comfort has now become 
also a factor in the determination of the 
threshold limit value. As defined, the 
“threshold limit” is the maximum average 
atmospheric concentration of a contaminant 
to which personnel may be exposed in an 
eight-hour workday, every day in a work 
week, 50 work weeks a year, for a life-time 
employment period of at least 30 years, 
without adversely affecting their health. 
Whereas, these values may be pertinent and 
applicable to Air Force ground and mainte- 
nance personnel, it would be rather difficult 
to apply these same criteria to flying or 
crew personnel who would not be in their 
“working environment” on a daily basis or 
even for the same length of time for any 


Kitzes 


one day. Initially, the threshold limit value 
was chosen on the basis of negative toxic 
injury or detriment to the health of the 
individual. Scarce attention, if any, was 
given to the effect on the performance of 
the worker. Only recently, was the con- 
cept extended to include comfort as a cri- 
terion. Yet, when the aviation toxicologist 
is asked to recommend a threshold limit 
value for materials that may be encountered 
in flight, he finds that there are many other 
factors that will have to be considered be- 
fore a safe level can be arrived at. There 
is no question that the exacting task of 
piloting a high-speed, high-performance air- 
craft places this man apart from the aver- 
age industrial worker. Moreover, the 
individual confined to a restricted area, as 
in a sealed cabin without freedom of spatial 
movement is not the man for whom the 
threshold limit values were selected. Al- 
though the threshold limit values recom- 
mended for industry are without doubt of 
great value in providing guide lines, it is 
necessary for the aviation toxicologist and 
aviation industrial hygienists to define his 
limiting values in accordance with the con- 
cepts of “flight safety.” The in-flight 
threshold limit may be defined as the con- 
centration of an atmospheric contaminant 
which should cause no significant injury to 
the health of the individual and shall cause 
no significant detriment to his performance, 
comfort, or well-being for the duration of 
the flight. The assumption is made, of 
course, that standards of performance, com- 
fort, and well-being can be postulated, as 
has been done for the criterion of health. 
Regardless, to meet the requirements of this 
definition, a new approach to the accumula- 
tion of research data will have to be made, 
and an intensive program initiated in order 
to bring us up to date with regard to the 
chemicals that are presently being encoun- 
tered in aircraft cabin atmospheres. For- 
tunately, however, these are few in number 
as compared with the hundreds that are 
handled daily in industry. Nevertheless, new 
and bizarre chemicals are being released an- 
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nually from the research laboratories for 
consideration for Air Force inventory. It 
is important today to bear in mind that as 
man is removing the restrictions material- 
wise in his efforts to engage in unlimited 
space flight, he should at the same time be 
wary of the restrictions he may be imposing 
upon his own capabilities in accomplishing 
his goal. The Air Force is fully cognizant 
of the future problems to be met in toxi- 
cology and other areas of aviation medicine 
and industrial health and is taking the nec- 
essary steps through its various medical and 
research organizations to be prepared to 
safeguard the health and life of air crew 
and passenger in flight and the operational 
and maintenance personnel on the ground. 


Wright Air Development Center. 
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New Techniques for Evaluating Environmental 


Exposures 


N. A, TALVITIE, Cincinnati 


Instrumentation in the analytical labora- 
tory as a mark of our scientific progress is 
a correlative of mechanization of industrial 
processes. In keeping with the trend to- 
wards automation, many instruments have 
been devised for continuously monitoring 
and recording varying physical and chemical 
properties. While a limited application to 
toxic agents has been found for this type 
of instrumentation, the industrial hygienist 
must, for the most part, rely heavily on the 
more versatile semiautomatic instruments 
because of the great variety of substances 
which he encounters. 

At one time I shrank from the use of 
the stereotyped word “tool” in connection 
with intricate instruments, but I now find 
the term increasingly useful, in particular, 
to connote the limitations of individual 
analytical instruments. While each instru- 
ment is expected to extend our analytical 
facilities, none, especially in the occupational 
health laboratory, has such a universal ap- 
plication that it alone can be considered an 
indispensable asset. On the contrary, in- 
struments are often complementary or sup- 
plementary, and the possession of one 
instrument may precipitate the need for yet 
another. Although the mass spectrograph 
can uniquely identify volatile compounds, 
it cannot readily do so unless the compounds 
are first separated by gas chromatography. 
Many solids lend themselves to analysis by 
x-ray diffraction, but liquids require the 
infrared spectrophotometer. Low percent- 
ages of elements are best determined with 
the emission spectrograph, and high per- 
centages with the x-ray spectrograph. The 
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larger particles are seen with the optical 
microscope, and the smaller with the elec- 
tron microscope. 

The instruments and techniques I shall 
describe are some currently under investiga- 
tion in our laboratories, in an attempt to fill 
some of the gaps in our analytical cover- 
age of occupational health hazards. 


Particle Size 


The first of these instruments is the 
automatic, recording particle-size analyzer 
constructed in our laboratories for the 
analysis of dusts in the respirable range. 
The accepted practice of collecting samples 
of dust for particle-size analysis directly 
from the air imposes limitations on the 
method of analysis because of the small 
amount of sample which can be collected 
conveniently. Microscopic methods have had 
wide application in the sizing of atmospheric 
dust but are generally unsuitable when close 
comparisons of the characteristics of dusts 
are required. Added to the failure of the 
statistical approach in detecting discontinu- 
ities in the distribution are errors of bias, 
fatigue, and inadequate resolving power of 
the optical system. A purely instrumental 
method could be expected to provide more 
precise data when such are needed. 

A complete description of the instrument 
has been published in the Review of Scien- 
tific Instruments and only a brief résumé 
will be given here. In principle the instru- 
ment photometrically follows the rate of 
settling of dust particles in a suspending 
fluid and automatically records a curve on a 
chart in terms of absorbance versus settling 
time. This curve is interpretable as a parti- 
cle-size distribution curve. Water is used as 
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the suspending fluid for most dusts, but 
water-soluble dusts require an organic fluid 
such as kerosene. Cellosolve (2-ethoxy- 
ethanol)? is an excellent medium for sam- 
ples collected on membrane filters since the 
filter dissolves, leaving only the dust in 
suspension. Only a few milligrams of dust 
are required—an amount easily collected 
from air with the usual dust-sampling de- 
vices. 

Initially the dust suspension, contained 
in a covered rectangular glass cell, is 
shaken until uniform, and the cell is placed 
in the photometer, where it is intersected 
by a highly collimated light beam. As the 
particles settle, an ever-widening zone forms 
which extends from the surface of the sus- 
pension to the maximal depth reached by 
the largest particles settling from the sur- 
face. Within this zone the particles ar- 
themselves into a_ gradient 
according to their settling velocities which, 
by Stokes’ law, are proportional to the 
square of the diameter of the particles. The 
size gradient is, in a physical sense, a size 
distribution of the particles in the sample. 
Hence, to obtain a particle size distribution 
curve it is only necessary to measure the 
concentration of the particles throughout the 
zone and to compute by Stokes’ law the di- 
ameters of the particles which will have 
settled from the surface to the level of the 
light beam during the interval between the 
start of settling and the time of measure- 
ment. The concentrations of the differing 
particle sizes are obtained by scanning the 
size-gradient zone from the bottom to the 
top with the light beam and_ recording 
the variation in transmitted light intensity. 
Mechanically, this is accomplished by slowly 
lowering the cell past the light beam by 
means of a synchronous motor drive while 
the absorbance of the suspension is meas- 
ured by feeding the output of a photocell 
to a strip-chart recorder. Because the chart 
drive speed is directly proportional to the 
movement of the surface of the suspension 
with respect to the position of the light 
beam, the depth to which the particles have 
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settled at the time of their photometric 
measurement is also automatically recorded, 
and thus the second requirement for a par- 
ticle-size analysis is met. 

The instrument measures settling veloc- 
ities of particles rather than particle diam- 
eters directly. When the density of the 
dust is known, the settling velocities may be 
converted to particle diameters by Stokes’ 
law. The diameters obtained by this com- 
putation are the diameters of spheres hav- 
ing the same density as the particles in 
question and having the same settling veloc- 
ity. The Stokes diameter distribution per- 
mits comparison of results obtained by the 
photometric sedimentation method with re- 
sults from microscopic measurement, but 
the need for measuring actual sizes of par- 
ticles in determining the respirable prop- 
erties of dust is not entirely clear. Some 
evidence supports the view that heavy dusts 
deposited in the lungs tend toward much 
smaller sizes than the lighter dusts. Cer- 
tainly the amount of dust which will remain 
suspended in the air for a given time is 
more nearly related to the settling velocities 
than to the diameters of the particles. It 
can be expected that heavy dusts in the 
atmosphere would have a smaller mean di- 
ameter than lighter dusts, and, when con- 
sidering deposition of dusts of differing 
densities in the lung, better correlation 
should be expected with settling velocities 
than with particle diameters. More research, 
of course, is required before it can be re- 
solved whether mean settling velocities or 
mean particle diameters provide the better 
basis for rating the potential hazards of a 
dust. The sedimentation photometer should 
have value in this type of study since it 
provides data directly on settling velocities 
and provides, in addition, a size-distribution 
curve for comparison with microscopic anal- 
yses. 

Most sedimentation methods require the 
dust to settle through a considerable depth 
of fluid and are unsuitable for obtaining 
particle-size distributions below lp. Such 
small sizes may require settling times in 
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excess of 24 hours, and errors due to coagu- 
lation and thermal convection currents 
become serious. In the sedimentation pho- 
tometer, while the large particles settle 
through several centimeters before their con- 
centration is measured, the small particles 
need settle only a fraction of a millimeter 
and a complete distribution of particles 
down to 0.54 may be obtained in 30 min- 
utes. 


The sedimentation photometer gives the 
size distribution in terms of surface area, 
inasmuch as the concentration is determined 
by measuring the projected area of the par- 
ticles, which in turn is related to the surface 
area. Conversion to weight and_particle- 
count distribution presents no great prob- 
lem with atmospheric dusts, which generally 
have a log normal distribution and, conse- 
quently, plot as a straight line on log 
probability paper. Whether the distribution 
is plotted by weight, surface, or count, the 
standard deviation is the same, i. e., the 
plots are straight lines parallel to each other. 
The geometric means of both the count and 
the weight distribution can be computed 
from the surface mean with the formulae 
given by Drinker and Hatch.* 

In view of the demonstrated slow disso- 
lution of silica, which definitely is a fune- 
tion of surface area and of the apparent 
relationship of toxicity of silica to the sur- 
face area of the particles,* it would seem 
that the surface area distribution is a better 
criterion of the potential hazard of silica- 
bearing dusts than either count or weight 
distribution. 

It should be pointed out that photometric 
determination of dust concentration is not 
free of complexity. It might appear, at 
first sight, that the photometry of opaque 
particles should be straightforward, but the- 
ory and experiment both show that the opti- 
cal density of dust suspensions is greater 
than would be expected from the total pro- 
jected area of the dust particles. It seems 
that opaque particles not only absorb light 
in proportion to their projected area but, 
in addition, diffract and scatter light beyond 
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their edges so that the photocell sees the 
particles larger than their actual size. In 
theory, a large particle will diffract light 
equivalent to its projected area, and, since 
it absorbs light equivalent to the same area, 
it should appear twice its size by photo- 
metric measurement.* The diffraction effect 
becomes even greater as the particle sizes 
approach the wavelength of the measuring 
beam of light. This necessitates the appli- 
cation of a correction curve to the photo- 
metric size-distribution data before the true 
distribution can be determined. 

It might appear that transparent particles 
such as quartz would not be seen easily by 
the photocell, but, with proper design of the 
optical system, these are seen as readily as 
opaque particles. A transparent particle may 
be visualized as a crude lens which refracts 
almost all of the incident light over a wide 
angle. By having the measuring beam 
highly collimated and confined by a series 
of narrow slits, very little of this refracted 
light reaches the photocell, and the trans- 
parent particle registers as if it were opaque 
or nearly so. The transparent particles, like 
the opaque particles, exert an effect beyond 
their edges and diffract an additional amount 
of light beyond the receiving angle of the 
photocell. Transparent particles have yet 
another effect on light which comes about 
from the phase change of the transmitted 
light with respect to the light grazing the 
edge of the particle, giving rise to inter- 
ference effects which emphasize the appar- 
ent opacity of certain particle sizes of the 
order of the wavelength of light. All of 
these unusual effects are most pronounced 
with spherical particles, but, with the irregu- 
lar particles encountered in practice, they 
blend into a more generalized effect, allow- 
ing the use of an over-all correction curve 
leading to errors of no great seriousness. 


There is an odd coincidence in the shape 
of the correction curve to be applied to 
photometric size data and the shape of the 
curve of deposition of sizes in the lung. 


Soth curves show a maximum in the vicin- 
ity of I» and show similar slope character- 
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istics on either side of the maximum. The 
correspondence between the two curves 
would tend to indicate that the uncorrected 
photometric size analysis approximates the 
probability of the dust being deposited in 
the lung on inhalation. An analysis of this 
type may therefore be more useful in physio- 
logical studies than one based strictly on 
the physical size of the dust. It is often 
proposed that dust sampling be limited to 
the physiologically important sizes, and it 
is suggested that the sedimentation photom- 
eter may be adaptable to this purpose. 


Organic Solvents and Vapor 


A second instrumental method we have 
found useful is gas chromatography. It 
has enabled us to provide solvent analyses 
of considerably greater refinement and preci- 
sion than previously. Our chromatographic 
instruments were assembled in the labo- 
ratory, but the many refinements in recent 
commercial instruments make such assembly 
less attractive, except for unusual applica- 
tions. 


The gas chromatograph quickly separates 
the components of a solvent sample and 
records them individually as peaks on a 
chart. Briefly the process involves vaporiz- 
ing a minute volume of sample at one end 
of a tube packed with oil-coated granules 
of a highly porous inert material, such as 
diatomaceous earth, and forcing the vapors 
through this column with a stream of helium 
gas. Those components of the sample hav- 
ing a high affinity for the oil coating of the 
granules pass through the column slowly 
while those having a slighter affinity pass 
through quickly. If the column is  suffi- 
ciently long, the components emerge sepa- 
rately at the end of the column, and their 
concentrations in the helium stream can be 
determined by the difference in the thermal 
conductivity of the effluent in comparison 
with that of the pure helium stream. The 
differences are translated by a thermal con- 
ductivity bridge circuit and recorder into 
peaks on the recorder chart. The percent- 
age composition by weight of the sample 
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is computed from the relative areas of the 
peaks after corrections have been made for 
the minor differences in thermal conductivi- 
ties among compounds. 

Identification of the compound giving rise 
to a peak is obtained from the retention 
time in the column, this being constant for 
a given compound when all other conditions 
are held invariable. The separated compo- 
ments may be collected as each appears as 
a peak on the chart and the qualitative anal- 
ysis confirmed by additional tests. The 
vapor fractions may be introduced directly 
to the mass spectrograph, whereas collect- 
ing the column effluent in small volumes of 
an appropriate solvent is more convenient 
for obtaining ultraviolet or infrared spectra. 

One of the great needs of industrial hy- 
gienists has been for a method capable of 
giving the composition of mixed solvent 
vapors in the air at a concentration of a few 
parts per million. In principle the gas 
chromatograph can do just this, but lack 
of stability and sensitivity of present-day 
detectors prevents direct analysis of vapor 
samples at the threshold limit values. Con- 
centration of the vapors from several liters 
of air into a maximum volume of a few 
milliliters is required, and this can be ac- 
complished by passing the air through a 
U-tube immersed in liquid air. The Shell 
Development Company has succeeded in 
concentrating vapors in a similar fashion by 
passing the air through a very short section 
of gas chromatographic column immersed 
in liquid oxygen. On warming, the vapors 
may then be introduced to the gas chromato- 
graph in concentrated form. 

Because of the inconvenience of freeze- 
out methods for field use, we have turned 
our efforts towards developing a method 
by which the vapors are adsorbed on acti- 
vated silica gel or carbon and then desorbed 
for analysis by gas chromatography. The 
principal advantages lie in the simplicity 
of the sampling equipment and the ease 
of handling the small tubes of adsorbents 
in the field. 
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Desorption of the sample is accomplished 
by displacement with a vapor having a 
greater affinity for the adsorbent than the 
sample components. Helium gas is first 
saturated with the displacing vapor by pas- 
sing it through a bubbler containing the 
liquid displacer and it is then led to the 
displacer column containing the adsorbent 
granules and adsorbed sample. As_ the 
sample desorbs, it is concentrated into 
a progressively smaller volume of ad- 
sorbent and finally it is forced from 
the end of the displacer column and carried 
into the partition column of the gas 
chromatograph by the helium stream. The 
self-sharpening properties of the displace- 
ment process may be augmented by using 
a tapered tube as the displacement column, 
and even more so if the narrow part of the 
taper is filled with a finer mesh adsorbent. 


Silica gel has polar properties and has 
its greatest affinity for polar vapors. A 
highly polar vapor should, therefore, be 
selected as a displacer. On the other hand, 
carbon activated by the usual method has 
its greatest affinity for nonpolar vapors, and 
a nonpolar vapor would be more suitable as 
a displacer. Monobromobenzene has been 
used successfully to displace vapors ad- 
sorbed on activated carbon.* Methyl alcohol 
may be used with silica gel. 


Some degree of separation of the sample 
components occurs during the displacement 


process. Each component of the sample 
is capable of acting as a displacer of all 
other components less strongly adsorbed 
than itself, and consequently the sample 
components arrange themselves in zones in 
the displacement column. So that maximum 
advantage may be taken of this preliminary 
separation, it is desirable that the partition 
column of the gas chromatograph retain the 
same order of elution. Choice of partition 
columns will be simplified when sufficient 
reliable data on order of elution from dis- 
placement and partition columns can be 
arranged in tabular form. The character- 
istics of the partition column must also be 
such that the peak of the displacing vapor is 
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well separated from the peaks of the ex- 
pected sample components. No problem is 
involved when a high-boiling compound is 
used for displacement because its peak can 
be expected to appear later than the peaks 
of the sample components. In our trials 
with methyl alcohol, which would ordinarily 
overtake the sample vapors in passing 
through the partition column, we have used 
a section of partition column containing 
glycerin, which serves to delay the alcohol 
while allowing the sample to pass through 
quickly. This is followed by the usual par- 
tition column which effects the separation 
of the sample vapor into its components. 

The displaced sample is introduced into 
the gas chromatograph through the refer- 
ence channel of the thermal conductivity 
cell. Because of this the appearance of the 
sample is marked by negative peaks repre- 
senting the sample and displacing vapor. On 
the appearance of the displacing vapor, the 
displacing system is by-passed and the an- 
alysis continued by the usual gas chromato- 
graphic process. At the beginning of our 
experiments we used an auxiliary thermal 
conductivity cell to indicate the completion 
of the displacement process and found it of 
value at the higher recorder sensitivities (1 
to 5 mv.) in preventing unbalance of the 
principal thermal conductivity cell. 

We have had occasion to use both the 
simple gas chromatograph and the air-anal- 
ysis modification on urgent problems, and 
within an hour to two have been able to 
provide unequivocal analyses which might 
have taken days by older methods. 


Dusts and Fumes 


A third instrumental avenue to the con- 
trol of occupational hazards involves the use 
of x-ray diffraction and x-ray spectrographic 
apparatus. As the number and complexity of 
toxic compounds used in industry continue 
to grow and as we refine our tables of 
threshold limit values of these substances, it 
becomes increasingly necessary to utilize 
every new method at our disposal to avoid 
basing our conclusions on equivocal data. 
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Because the laws of nature insist that the 
molecules of a compound seek each other 
out and stack themselves into a rigid and 
precise structure which we call a crystal, we 
need only to determine one or a few of the 
physical properties of the crystal to identify 
the molecule itself. Density, color, refrac- 
tive index, hardness, solubility, crystalline 
form, opacity, and optical interference ef- 
fects of various sorts are some of the prop- 
erties which may be determined. The most 
elegant determination is that of the spacing 
of the various layers of atoms in the crystal. 
Secause the number, type, and arrangement 
of atoms in the molecule of a given com- 
pound are different from those of all other 
compounds, the spacing of the layers of 
atoms in the crystal of the compound will be 
unique, and the determination of only a few 
of these spacings identifies the compound 
without the necessity of determining the 
kind and number of the atoms themselves. 
The measurement of the spaces between the 
layers of atoms relies on the ability of x- 
rays to penetrate the crystal and reflect 
simultaneously from the successive layers of 
atoms. If we assume a half-wavelength of a 
monochromatic beam of x-rays to be slightly 
longer than the spacing between two par- 
ticular parallel planes of atoms in the crystal 
and if we tilt the crystal so that the half- 
wave of x-ray just fits between the layers, 
then the reflections from all similar parallel 
layers will be in phase, i. e., the peaks in the 
amplitude of each wave will correspond to 
the peaks in the amplitude of all other waves 
reflected from these layers, and the ampli- 
tudes add one upon the other to give an 
intense reflection. At other angles the waves 
do not fit perfectly between the layers and 
the reflected waves are out of phase. The 
peaks in the amplitude no longer correspond 
but pull against each other; the waves are 
destroyed, and no reflection results. Because 
of the interference phenomenon involved, 
this reflection of x-rays at specific angles 
by a crystal is called diffraction. If we know 
the wavelength of the x-rays and the angle 
at which diffraction occurs, by simple 
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geometry we can calculate the spacing of the 
layers of atoms. The generalized form of 
this geometrical relationship is called Bragg’s 
Law. 

Instrumentally, the identification of a 
compound involves placing a powdered sam- 
ple in a beam of x-rays and determining 
the angles at which diffraction occurs with a 
Geiger counter swinging in a circular path 
about the sample. If the intensities of the 
diffracted beams are also measured, a quan- 
titative estimate of the compound is ob- 
tained. 

While x-ray diffraction has proved of 
value in identifying a great many sub- 
stances, both inorganic and organic, its 
greatest use in occupational health studies 
has been for the determination of quartz and 
the other two modifications of crystalline 
silica, tridymite and cristobalite. All three 
of these forms of free silica give strong 
diffraction patterns easily differentiated 
from one another. Because determinations 
of tridymite and cristobalite cannot be made 
with as great an ease and accuracy by any 
other method, x-ray diffraction was of con- 
siderable value in our recent study of 
silicosis in the diatomaceous earth industry, 
in which the principal exposure is to dust 
containing cristobalite in varying amount. 
An interesting and significant occurrence of 
cristobalite was demonstrated in the air of 
the casting cleaning department of a foundry 
by the x-ray method. Sufficient heat was 
apparently evolved from the castings to 
convert the quartz adjacent to the casting 
to cristobalite, and the air-borne dust aris- 
ing from the cleaning operation was found 
to contain cristobalite in equal amount to 
that of quartz. 

Many of the samples for determination of 
free silica contain extraneous materials hav- 
ing high absorption for x-rays, and conse- 
quently the diffraction lines are reduced in 
intensity. To compensate for the absorptive 
effects, an internal standard is added to the 
sample and intensity measurements are made 
with reference to the intensity of the dif- 
fraction lines of the internal standard. We 
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have selected the mineral, beryl, as an in- 
ternal standard for the determination of 
quartz because it has an intense line adjacent 
to the principal line of quartz and also has 
approximately the same hardness, specific 
gravity, crystal form, solubility, and frac- 
ture characteristics as quartz. In the grind- 
ing of the sample and beryl preparatory to 
analysis, no differential settling takes place, 
and both quartz and beryl tend to approach 
the same degree of fineness. 


We have recently investigated the utility 
of x-ray diffraction for the analysis of sam- 
ples collected directly from the air on mem- 
brane filters.’ Since modern spectrometer 
types of x-ray diffraction instruments re- 
quire a flat sample, they can take advantage 
of the highly efficient dust-collecting proper- 
ties of the membrane filter. The background 
scatter contributed by the membrane filter 
is several times lower than when glass slides 
are used for support of thin samples. Also 
the diffraction intensities from 1 or 2 mg. 
of sample uniformly distributed over the 
surface of the filter is comparable to the 
intensities from 0.1 or 0.2 gm. of sample 
by the usual thick-specimen technique. We 
have done a limited amount of sampling of 
silica dusts on membrane filters, obtaining 
the weight of free silica per unit volume of 
air, but until standards are approved on a 
weight basis this technique must remain 
in the research phases. Most diffractometers 
are not ideally suitable for direct measure- 
ment of diffraction intensities without use 
of internal standards because the diffraction 
lines are obtained by reflection from the 
sample surface and the absorption coeffi- 
cients of extraneous materials have an 
unpredictable effect on the intensity of dif- 
fraction. Lower absorption errors can be 
expected with membrane filter samples than 
with thick samples because of the lessened 
likelihood of superposition of particles, but 
complete compensation of absorptive effects 
would require a transmission technique in 
which the intensities of diffraction lines 
transmitted through the sample would be 
compared with the intensity of the trans- 
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mitted primary beam of x-rays. Absorbing 
materials would decrease the intensity of 
both beams proportionately, and the error 
would cancel. 


For the determination of per cent by 
weight of free silica in a sample, the weight 
of sample must be known. This may be 
obtained conveniently for small amounts of 
air-borne dust by sampling with a tared 
electrostatic precipitation tube. For analysis 
by x-ray diffraction the sample is washed 
from the tube with water and diluted to a 
known volume. The internal standard is 
added to the sample suspension and, after 
mixing, a volume of the suspension contain- 
ing about 2 mg. of sample is filtered through 
a membrane filter, which, after drying, is 
mounted in the diffractometer. The dust 
from a lung biopsy specimen may be 
mounted on a membrane filter in a similar 
fashion and the percentage of crystalline 
free silica determined. As little as 1 gm. of 
wet lung tissue has been found sufficient for 
the analysis. 

The x-ray spectrograph, in contrast to the 
x-ray diffractometer, determines elements 
rather than compounds. The sample is 
bathed in a strong beam of polychromatic 
x-rays which causes each of the elements 
present, by a fluorescent process, to emit 
its own characteristic wavelengths of x-rays. 
By measuring the wavelengths and cor- 
responding intensities of the x-rays emitted 
by the sample, a qualitative and quantitative 
analysis of the elemental composition of the 
sample is obtained. The measurements are 
made with a proportional counter tube or 
scintillation detector, which moves in a cir- 
cular path about a flat crystal which acts as 
a diffraction grating in separating the wave- 
lengths and dispersing them at various angles 
related to the wavelengths. In contrast to 
the optical emission spectrograph, which has 
its greatest usefulness in the detection of 
traces of elements in a relatively large bulk 
of sample, the x-ray spectrograph has the 
greater application to the determination of 
the major constituents of a sample, although 
the absolute amounts of the elements often 


569 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


need be only a few micrograms. Here 
again, the high sampling efficiency of the 
membrane filter for metallic fumes can be 
used advantageously in the analysis of the 
industrial environment. Lead, zinc, and 
cadmium fumes, chromic acid mist, dusts 
containing vanadium and manganese—as 
well as less common air contaminants—can 
be collected on membrane filters and 
analyzed directly with the x-ray spectro- 
graph. 

As in x-ray diffraction analysis, absorp- 
tive properties of extraneous elements may 
interfere with accurate analysis unless com- 
pensated by the addition of an internal 
standard. Particularly attractive for rapid 
analysis is partial compensation with filters 
impregnated with suitable amounts of the 
internal standard and clamped together with 
the filter containing the sample deposit for 
exposure to the x-ray beam. The fluorescent 
rays must then be picked up by transmission 
through the filter rather than by the usual 
reflection method. 

The greatest advantage gained when x- 
ray diffraction and spectrographic methods 
are applied to membrane filter samples is 
the speed with which much preliminary in- 
formation is obtained without in any way 
consuming or altering the sample. The sam- 
ples themselves can be filed for future ref- 
erence or analyzed in greater detail by other 
methods. X-ray fluorescent spectra are com- 
posed of very few lines and qualitatively 
are not at all difficult to interpret. More- 
over, the recording of the spectrum is com- 
pletely automatic, and the demands upon the 
operator’s time are very low. 

The development of the instrumental 
analytical methods discussed has been di- 
rected toward providing more detailed in- 
formation on _ industrial environments 
sampled during the course of basic investi- 


gations of potentially hazardous operations. 
Their applicability to routine control would 
depend upon the volume of work falling 
within the analytical limitations of the in- 
struments and the degree of centralization 
of laboratory facilities. It may be unwise 
for a laboratory charged with the responsi- 
bility of investigating a large variety of 
problems to spend a major fraction of its 
budget for complex instruments having 
limited analytical coverage. On the other 
hand, it is disconcerting to have a plant 
burn to the ground or suspend operations 
because of the lack of facilities for provid- 
ing a quick answer, and it is certainly not 
economical, by any form of rationalization, 
to permit a death because “making the 
rounds” of trouble spots has been hindered 
by cumbersome and inconclusive analytical 
methods. 
1014 Broadway (2). 
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breakfast cereal calories 
are full of good nutrition 
and are low in fat 


Medical and nutrition experts are concerned 
because the teen-age, elderly, and obese individu- 
als are consuming too many empty calories. 
When a moderate reduction of dietary fat is 
indicated, breakfast cereal calories merit consid- 
eration because they provide low-fat content and 


are full of good nutrition as shown in the table 
below. Whole grain, enriched, and restored break- 
fast cereals, hot or ready to eat, considered as a 
group contribute protein, important B vitamins, 
and essential minerals in addition to the carbo- 
hydrates needed for quick energy. 


nutritive value of breakfast cereals 
(based on composite querage) 


Cereal? Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956, 
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